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EVAPOKATION FROM A PLAIN WATER 
SURFACE. 


Dr. J. WALTER LEATHER, ph.o., f.t.c., 


IrtV}jerial Ayrkultural Chemist, 


In connection with tlife records of the water requirements 
of crops which liave been maintained here during the past few 
years, information as to the amount of water which evaporates 
from a plain water surface in India was desired. Enquiry 
showed, however, that the amount of such information was very 
limited. The Meteorological Department was able to supply 
data from the Madras Observatory (see page 15). Another 
record obtained from Roorkee was obviously inexact because 
the evaporation found during the hot months was not greater 
than for the cold weather. Other records were being maintained 
by the Irrigation Department, Punjab (see page 15), but 
these were not then available, and in any case would be of doubt- 
ful service for Behar. 

The Tank . — It was accordingly decided to maintain a record 
at Pusa. For this purpose a cement-lined masonry tank was 
constructed of the following dimensions : diameter 6 ft, 6 in. 
by depth 5 ft. It was situated in a field, but was not as free 
from neighbouring trees as might be desired ; there is a line of 
bamboos about 110 ft. on the west side, and an avenue of teaks 
on the south-east side is 100 ft. distant. This position of the 
tank was dictated by the fact that difficulties would arise in 
preventing such a tank from being interfered with if it were 
placed in any large open field, whereas in the compound of the 
pot-culture house the necessary protection was available. 





by one of the larger meteorological instrument makers, and 
consisted essentially of two parts : (a) a float which was 
suspended by a metal cord from a pulley which actuated a pen 
through toothed gearing, and {h) a rotating drum which carried 
the paper chart on which the curve would be drawn. The 
instrument proved defective for two reasons. First, a part of 
the mechanism was exposed to the outside atmosphere, and dust 
rapidly collected in the toothed gearing. It would be quite 
impossible to prevent the dust of the Indian atmosphere outside 
from obtaining access to such instruments however carefully 
enclosed they might be. The gearing became gradually blocked, 
which affected the pen, and the record accordingly was soon de- 
fective. The second defect lay in the fact that the scale reading 
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surface. Also the small hand wheel was divided into tenths on 
the periphery. In order to ascertain the position of the water 
surface, it is only necessary to screw the pointer carefully down 
to the water surface, and then to count the revolutions from this 
position back to the zero. For the zero point a small iron stud 
was fixed into the pointer groove. Each revolution of the hand 
wheel = ‘298 cm., and since the position of the water surface 
can be read to part of this ( = ’015 cm.), the instrument 
forms, in so far, a very exact measure of its position. 

Protection of the tank. — At first the tank was left quite 
exposed, but in 1910 it was decided to surround it with a guard 
of wire netting. A ring of dry earth placed round the tank 
showed that animals, presumably jackals, came at night and 
drank water from the tank. The number of such was not large. 
For example, the following counts were made : — 

On 26th May 1910— foot prints of two or three jackals. 

On 27th May 1910— foot prints of two jackals. 

On 28th May 1910— none. 

On 29th May 1910— foot prints of one large and one small 

jackal. 

On 30th May 1910 — foot prints of one jackal. 

On 31st May 1910— foot prints of one jackal. 

On 1st June 1910 — none. 

On 2nd June 1910— foot prints of one jackal. 

On 3rd June 1910 — foot prints of one or two jackals. 

On 4th June 1910 — none. 

The quantity of water which was being thus taken was 
not sufficient to materially affect the record, but since it was 
a measurable error, wire netting was fixed on the rim. The 
netting is 4 ft. high and of 2 in. mesh, and in addition a 
second strip of in. mesh by 12 in. high was fixed at the 
bottom. The former prevents any large animals from drinking 





been determined several times. Since it was cement lined, the 
anticipation was that it would prove only fairly water-proof. The 
first test was made by covering the top of the tank with 1 in. 
planks which fitted fairly well together, and whilst not entirely 
excluding evaporation, would nevertheless reduce it so much 
that an estimate of the amount of pei’colation would be possible. 
An aperture was left for the pointer to pass on to the water sur- 
face. This mode of stopping evaporation proved highly defective. 
The timber became wet and warped badly and most irregular 
readings were obtained. Another method which has proved 
entirely satisfactory is to pour a layer of mustard oil about ‘3 cm. 
thick over the water surface. Since vegetable oilis substantially 
not volatile at ordinary temperatures, it follows that any fall in 
the surface would be occasioned only by percolation of the water 
through the sides and bottom of the tank. Tests were made 
in 1911 and in 1913. The following are the records : — 
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negligibly small. 
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Rim of tanli.- 

-One defect in 

the construction 

of the tank 


should be noticed. The rim is horizontal. As a consequence 
any rain which falls may in part run into the tank, in part away 
from it. This could have been obviated by giving the rim a 
slope, either inwards or outwards, but this was not done because 
in either case air movements over the water surface would be 
interfered with. Constructed as it is the water surface is main- 
tained within about 1" of the surrounding ground level. Thus 
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the water surface during dry weather has been exposed more 
normally than if a bevelled rim has surrounded it, but any rain- 
fall renders the estimation of the evaporation impossible. 

Mode of maintaining the record . — In using the instrument 
the procedure has been to read the position of the pointer at 
8 A.M. daily ; next to remove any leaves which may have blown 
into the tank ; then to add sufficient water to bring the surface 
to within about 1" of the rim and again to record its level ; the 
reading of the gauge at 8 A.M. the next morning before adding 
water, yields, when subtracted from that of the previous day 
(after addition of water), the amount of water which has evapor- 
ated in 24 hours. The actual record is naturally in terms of 
revolutions of the hand wheel in the first place, which is then 
converted into millimetres. 

Data obtained . — Since there is so little published information 
on the subject of evaporation in India, the complete data for the 
years 1911 and 1912 are set out as Statement L From these, 
averages have been taken for {a) a monthly estimate of the 
daily evaporation, Statement II, and {h) the curves which are . 
published as Charts I & IT. / 

Recently the monthly averages of evaporation at Lyallpur:' 
in the Punjab have been published in “ Irrigation Branch Paper! ”- 
II-C, and these are added to Statement II. As published in,,. 
Paper II-C, the data are expressed in terms of feet per hour, and , 
this form has been converted into mm. per 24 hours so as to be;v':.> 
comparable with our data. Also the means of the Madras 
record, for the years 1898-1903, have been converted from inches 
per day to mm. per 24 hours and added to Statement II. 

An examination of the columns in this statement shows 
that the rate of evaporation during the cold weather months is 
much the same at Pusa and at Lyallpur, but that it is much 
higher at Lyallpur throughout the six hot months from May to 
October. At Madras there is a much smaller annual variation 
as might be expected. At Pusa during the hottest months the 
rate is three times that of the coldest ; at Lyallpur it is five 
times ; but at Madras the rate does not rise to twice. 
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Statement I — {continued). 

Evaporation from a plain water surface at the Agricultural Research Institute, Pusa (1912). 
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evaporation prom a plain AVATER StJRFACiE. 


Statement II. 


Observed rates of evaporation in mm. per 24 hours. 


Month, 

Pusa, 1911. 

Pusa, 1912. 

Lyallpur, average 
of 4 years. 

Madras, average 
of 5 years. 

January 

1*86 

1*64 

1*83 

3*91 

February ... 

2-58 

2*61 

2*64 

4*67 

March 

4*04 

4*30 

4-10 

5*23 

April 

6'00 

4-90 

0-78 

6*32 

May ... 1 

a-87 

5*94 

9*88 

6-91 

June ... i 

4*46 

5*80 

9*37 

7*44 

July ... ! 

4*22 

3-90 

7*76 

6*20 

August ... i 

8-37 

3*72 

6*95 

5*89 

September 

3’10 

3*95 

6*15 

4*52 

October 

3*42 

3*93 

4*90 

4*49 

November 

2*95 

2*68 

3*00 

4*01 

December 

1*86 

1*91 

1*98 

3*86 


Owing to the circumstance already explained,- the evapora- 
tion at Pusa is onlj?' known for dry days, and hence the total 
annual evaporation can only be estimated by the aid of the 
formula which is subsequently discussed. In order to calculate, 
. at least approximately, the total evaporation at Pusa, it has been 
assumed for wet days, that this is nominal for days on which 
more than ’5'' of rain fell, whereas on the remaining Avet days the 
quantity is that Avhich may be calculated by my formula from 
the meteorological data. The total annual evaporation at Pusa 
in comparison Avith Lyallpur and Madras may then be thus 
compared (centimeters). 



Pusa.. 

Lyallpur. 

Madras. 

Observed dry days 

Calculated for wet days 

Total ... 

No. of 
days. 

1911. 

No. of 
days. 

1912. 

396*2 

193*2 

280 

69 

104*5 

20*9 

303 

39 

111*8 

14*6 

125*4 

126*4 

4*12ft 

4*18ft. 

6*42 ft. 

6-34 ft. 



1 


The similarity of the amounts of evaporated Avater at Lyall- 
pur and at Madras respectively is naturally merely accidental. 

The calculation of evaporation from a plain water surface . — 
:Many attempts have been made and much time has been spent 
in the evolution of mathematical formula which Avill express 
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the amount of water which evaporates from a piain water sur- 
face. Thus we have : — 

1 . Russell’s 

E“ = -T[«- 88 (e,-e,) + l-96e,] ' 

in which, E = evaporation 

ei = vapour pressure at temperature of wet bulb 
thermometer 

6,1 = vapour pressure at dew point temperature. 

2 . Abbassia’s 

® = (e, _ea) + -00029 (e„ -ea)v 

3. Fitzgerald’s 

0166 (e,y — e(j) ’000783 (e^. — e^Jr 

4. Carpenter’s 

+ 

5. Stelling’s 

E = S = -035 1 (e,, - ea) + -00044 (e^ - e,)v 
where in the last four of which, 

e„ = vapour pressure at the water surface temperature 
ea = vapour pressure at the dew point temperature 
V = wind velocity in metres per second. 

F. H. Bigelow* in an article compares these formulae under 
stated circumstances and since they yield very widely different 
results, he concludes that none is reliable. Another formula 
of Russell’s is : — A Pw + B (p^ - Pa) 

in which p^ = vapour tension corresponding to the wet bulb 
thermometer 

Pa = vapour tension corresponding to the dew 
point. 

A= 1-96 


mm, 


This formula also seems to yield very incorrect results ; 
that in one quoted example being only two-thirds of the directly 
ascertained quantity., 

, \ . . , ' ’ ’ ^ U* S, A. Monthly Weather EeYiew, July 1^107. 





12 evaporation from a plain water surface. 

In any ease each of these formulae depends on the posses- 
sion of correct information regarding the aqueous tension of 
the atmosphere as Avell as generally the wind velocity. But 
there is nothing more difficult to obtain than a continuous record 
of vapour tension and it is very much simpler to determine 
the evaporation directly. In fact, a formula to be of any 
practical utility must depend simply on the usual meteorological 
data of the countiy, namely, mean temperature, humidity and 
wind velocity. 

After plotting the results of evaporation at Pusa as shown 
in Charts I & II an attempt was made to derive an empirical 
formula which might meet the case. It was assumed that a 
formula of the type E = t’' W“ would satisfy the conditions 
in which 

E = evaporation ; 

t = the temperature of the atmosphere ; 

D = the dryness of the atmosphere ; 

W = the wind velocity. 

Regarding D, it is the difference between 100 per cent, and the 
relative humidity. It seemed probable that if, instead of relative 
humidity, the difference between 100 per cent, and this figure 
were used, the effect of this factor would be more pronounced. 
For example, there is a greater relative difference between 20 per 
cent, and 10 per cent, of “dryness” than between 80 per cent, 
and 90 per cent, humidity. 

For the end in view the mean data of short periods during 
December, March and April — about six days each — when the 
atmospheric conditions were very uniform, were set out. The 
values of the indices x, y, z were then obtained by the method 
of least squares, which yielded : — 

X = -T1786 
y = +-44366 
z = + -215994 
E +: mm. per 24 hours. 

This equation then yielded values of evaporation for Pusa which 
ac^ree well with the evaporimeter record. But on applying it to 
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Punjab data, it proved highly defective. Moreover, the negative 
value of X rendered it from the first unlikely to be generally 
useful. 

Another formula which seems to be more generally useful 
was obtained by (a) plotting the logs of the three factors, 
temperature, dryness and wind velocity, against the log of evap- 
oration, from which values of the type 
a (log t — b) 

were obtained, which proved a suitable basis to work from, and 
then (b) by a series of approximations the following more 
accurate values were obtained:— 



B = (mm. per 24 hrs.) = 2’0 (log t- 1-74) 

-f -33 (log D - 1-00) + -36 (log W - •125) 

in which 

t = mean temperature ‘F. for day ; * 

D = 100 - 8 A.M. humidity ; 'i,« \ 

W = mean wind velocity for day ; 
common logs were naturally employed. 

This formula has yielded the results which are set out in^^ 
Statements Nos. Ill, IV & V. 

It will be seen that for the majority of months the cal- 
culated evaporation agrees fairly well with the actual ; there 
are 14 cases among the 48 in which the divergence exceeds 
about 10 per cent, and 5 cases in which it exceeds 20 per cent. 
Some of these cancel one another during the year. Thus the 
following shows the annual evaporation, in centimetres at the 
three stations : — 



Actual 

cna. 

Calculated -o 

cm. Ihrror. 

Pusa 1911 

* 104-5 . 

99-7 5% 

Pusal912 

* 111-8 

109'1 2% 

Lyallpur 

196-2 

1S4;8 6% 

Madras 

193*2 

179-5 7% 
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Statement III. 

jjZam water surface at PUSA as experi- 
'ned, and ccdcidated from meteorological 


Evaporation from a 
mentcdly determi 
data respectively. 


Evapoeatiok, 


Mean wind 
velocity 
miles per 
hour. 


Mean Mean 

temperature humidity Dryness. 


Calculated 
mm. per 
24 hours. 


Found 
mm. per 
24 hours. 


Month, 


January 

February 

March 

April 

May 

June 

July 

August 

September 

October 

November 

December 


January 

February 

March 

April 

May 

June 

July 

August 

September 

October 

November 

December 


NoTB.— These data refer to dry days only, 



Evaporation 


Mean wind 
velocity I 
miles per j 
hour. 


Found. 


Mean 

humidity Dryness. 

8 A.M. 


Mean 
tempera- 
ture “F. 


Month, 


ft, per mm. per mm. per 
hour. 24 hours. 24 hours. 


•00025 1*83 i*76* 

*00086 2-64 2‘35 

•00056 4-10 *4-49^ 

•00079 5*78 5'TO 

•00135 9 88 •8-^6 

•00128 9*37 '914^ 

•00106 7*76 '661 

•00095 6 95 6*83 

•00084 6 15 "640 

•00067 4-90 3-99‘ 

•0004 1 3-00 2 99* 

•00027 198 1-82 

0 .^ 

-The meteorological data for Lyallpur were taken from Eliot’s meteorological atlas. 

The record of evaporation is that published by the Public Works Department, 
Irrigation Branch, and is an average of 4 years, 1906-1910. 


January... 

February 

March .. 

April 

May 

June 

July 

August ... 

September 

October... 

November 

December 


Statement V. 

Emporation from plain tvater surface at Madras as experi- 
mentally determined and calcidated from meteorological data 
respectively. 


Evaporation, 


Mean wind Found, Caleulated. 

velocity . . 
miles per 

hour. Inches mm. mm. 

per per per 

24 hours, 24 hours. 24 hours. 


Mean Mean 
tempera- humidity Dryness, 
ture °F, 8 A.M. 


Month. 


January 

February 

March ... 

April ... 

May 

June 

July 

August ... 

September 

October 

November 

December 


Note.-— The meteorological data for Madras are taken from the India Daily Weather Report. 

The record of evaporation is the average of 5 years’ records, 1898 to 1903, which were 
communicated by the Meteorological Department. 






STUDIES IN THE CHEMISTRY AND PHYSIOLOGY 
OP THE LEAVES OF THE BETEL-VINE (PIPER 
BETLE), AND OF THE COMMERCIAL BLEACH- 
ING OP BETEL- VINE LEAVES. 


HAROLD H. MANN, d.sc., 
Agrieidtural Chemist to the Government of Bombay ; 

D. L. SAHASRABUDDHE, u.sc., t.Ag., 
Lecturer in Chemistry, Poona Agricultural College ; 


V. G. PATWARDHAN, B.Ag. 

The use of the leaves of the betel - vine as a material for 
chewing is one of the peculiar practices of South Eastern Asia 
and especially of India, but in these countries it is nearly uni- 
versal. Hence the plant is grown in almost every province of 
India, and grown under very special and peculiar conditions. 
The betel-vine, as is well known, is a creeper, grown always in 
intense shade,— -the leaves being injured by exposure even for a 
short time to the sun, — with a continually moist atmosphere. 
These necessary conditions indicate that it must be, as it is, a 
very intensive cultivation, calling for the laying out of large 
capital to establish a ‘ paw ’ (or betel- vine) garden, but one 
which yields, if successful, very large returns. The actual condi- 
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The OccuRRENOE OP Nitrates IN Betel-vine Leaves and Plants, 
And THEIR Relationship to the Growth op the Vine. 

The occurrence of fairly large quantities of nitrates in the 
growing leaves of plants has hardly been known hitherto, and 
in the present case it was totally unsuspected. Our investiga- 
tions simply, in fact, commenced with an attempt to a,scertain 
the constituents, chiefly organic, which occur in the leaves and 
which are likely tx) play some part in the attractiveness of the 
leaves to an Indian palate. 

A large quantity of yian (betel-vine) leaves, as they are 
bought in the bazar, was dried in the sun for two days, when 
they could be coarsely powdered by rubbing with the hands. 
This material was then successively extracted with Petroleum 
Ether (B.P. 35°-58° C.), Ether, Chloroform, Acetic Ether, and 
Alcohol. The percentages of the dry leaf extracted by these 
solvents were as follows ; — 


Extract. 
Per cent. 


Solvent. 


Petroleum Ether 
Ether 

Chloroform 
Acetic Ether ... 
Alcohol 


Sixteen hundred grammes of the dried leaves were then 
extracted by continuous percolation with hot alcohol, the tem- 
perature being maintained constant at 65”C. by a water jacket. 
The extraction was continuous until the extract, at first dark 
green in colour, became colourless. This required about ten litres 
of alcohol. 

On standing, this extract deposited a considerable quantity of 
crystals on the sides and bottom of the vessels in which the per- 
colated liquid was received. The whole of the liquid was, therefore. 
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filtered, the crystals extracted with vvater, in which they proved to 
be soluble, and recrystallised. The amount thus obtained weighed 
4'41 grammes or 0 26 per cent, of the original dried leaves. 

Much to our surprise this crystalline substance obtained 
directly by the extraction of betel-vine leaves with alcohol, 
proved to be nothing else than Potassium Nitrate. By con- 
centration of the filtrate from the first crop of crystals, and 
extraction of the residue with water, the actual amount of 
Potassium Nitrate obtained reached 11’9 grammes or 0'74 per 
cent, of the original dried leaves. 

This was a totally unexpected result. Nitrates occur in 
minute quantities in many plant tissues, but there are hardly any 
cases where they exist in a proportion greater than O'l per cent, 
of the dried tissue, and it seemed important to ascertain how far 
the occurrence was a constant one. 

Nitrates were therefore determined by direct estimation in 
the leaves by Schloesing’s method. In order to do this it was 
only neces.sary to prepare a water extract of the leaves, and heat 
this, in the usual manner, in a current of carbon dioxide with 
ferrous chloride and sulphuric acid. The volume of nitric oxide 
evolved gives a direct measure of the amount of nitrate and 
nitrite present. This has been done in a large number of cases 
with leaves taken from various parts of the betel-vine. In the 
first series of determinations, three leaves were taken, on branche.s 
of the vine, from those nearest the main stem of the vine and 
from those w’hich were furthest aw'ay. The results are shown in 
the table. 


Date 

19U. 

Position of Leaves on Branch. 

Dry 

matter. 

Potassium 
Nitrate in 
Fresh Leaves. 

Potassium 
Nitrate in 
Dry Leaves. 

May 22nd 


Per cent. 

Per cent. 

Per cent. 

June 10th 

Leaves furthest from vine 

U-i 

*87, . 

2*62 

June lOfeh 

Leaves nearest vine 

16*0 

■•42'. 

2-66 

June I7th 

. . . Leaves f u rthest from vine 

■ ■12*8 ; 

*26 

2*88 

July Sfeh 

... Leaves furthest from vine 

128 


2*50 

July 8th 

... Leaves nearest vine 

14*0 

•86 

2-56 

July 22nd 

... Leaves furthest from vine 

12*8 

•30 

.•„2*a2' .■. 

July 22nd 

Leaves nearest vine 

14*4 

•85 

2*49 


: ■ 
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This table shows that the actual quantity of Potassium 
Nitrate in the leaves is higher than was apparent from our 
original extracts. Calculated from the nitric acid found by 
Schloesing’s method on the fresh leaf the percentage naturally 
varies with the amount of moisture present in the leaves at that 
particular time,— but calculated on the dry matter, the amount 
seems fairly constant, and varies between 2 ‘3 and 27 percent, 
of the dry leaf. 

The existence of this nitrate constantly in the leaves of the 
betel-vine at once raised the question as to what purpose it could 
serve, and the first steps to ascertain this could only be taken by 
ascertaining its distribution in the plant. With this object, 
determinations of nitrate were made, by Schloesing’s method, 
from material taken from different parts of the vine plants. 


1 . — Comparison of the branches and the leaves growing on them. 


These figures would indicate that the branches contain more 
niti’ate than the leaves by about twenty-five per cent. 


2 . — Comparison of the various leaves from the 
main vine stem. 

This comparison, as the following figures indicate, shows that 
the young tender leaves of the tips of the main vine contain a 
very small quantity of Nitrate, but as one proceeds further down 
the vine the percentage increases. Ten vines of nearly the same 
height were selected and the leaves growing on the main stem 
were sorted. The topmost four leaves were placed together for 
analysis, the next four togethex’, and so on to the seventeenth 
leaf. 


No. 

Branches. 

Potassium Nitrate in dry 
matter. 

Leaves growing on the Branches, 
Potassium Nitrate in drj* 
matter. 


Per cent. 

Per cent. 

1 

2*55 

2*01 

■' '2 ' " " 

2*13 

1*74 
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The leaves on the main vine are not much used for ehewina' 


This table shows clearly that the youngest leaves 
branches do not contain so much nitrate as those which are 
mature. Among the mature leaves and branches there is 
much change in the quantity, but the branches (stems) al 
contain very much more nitrate than the leaves themselves. 


4 , — GiSmparison between various portions of the main vines. 

The portions of the vine were taken so that the stem between 
each pair of branches formed a sample. Thus the topmost 
portion of the stem to the origin of the second pair of branches 


Nov, 

" 

Leaves. 

Potassium Nitrate 
on dry leaf* 

1 

IPopmost four leaves 

Per cent. 

0'63 

2 

^>th to 8th leaf from top 

1*50 

3 

9th to 12th leaf from top 

1*50 

4 

13th to 17th leaf from top 

2*05 


No. 


Number of Branch 
(Counting from top.) 

Leaves on Branch/ 
Potassium Nitrate 
on dry matter. 

Branches, 
Potassium Nitrate 
on dry matter. 

1 

1 ' ■ 

1 1st and 2nd branches ... 

Per cent. 

1*66 

Per cent. 

2*9*2 

3*76 

2 

: 3rd branch 

1*93 

3 

: 4th 

do. 

2*13 

3-74 

4 

• 5th 

do. 

2*43 

3*82 

5 

: 6th 

do. ... ... 

2*22' 

3*76 

6 

; 7th 

do. ... 

! . 2*10 ■ 

1 3‘90 

7 

8th 

do. 

■ ■ ■ ■ ■2*3l ■ .. 

3'93 

8 

. 9fch 

do. , ■ ' ■ ... f 

■■ 2‘01 ■ 

3‘97 

9 

10th 

do. 

2*50 

S*26 
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: 2 £ 

formed one sample, that between the second and third pair formed 
a second, that between the third and the fourth a third and so on. 
The results of analysis are indicated in the following table : — 


No. 


Position of Vine, 


Potassium Nitrate 
on dry leaf. 


1 

Vine above the 2nd branches ... 


Per cent. 

4*46 

2 

Do. 

between 2nd & 3rd ,, 


3*05 

3 

Do. 

do. 

3rd & 4th ,, 


2*04 

4 

Do. 

do. 

4th & 5th ,, 


2*00 

5 

Do. 

do. 

5th &6th ,, ... 


2*19 

6 

Do. 

do. 

6th & 7th ,, 


2*01 

7 

Do 

do. 

7th&8th ,, 


1*50 

8 

Do. 

do. 

8th & 9th „ 


1*33 

9 

Do. 

do. 

9th & 10th .. ... 


0*98 

10 

Do. 

below 10th ,, ... 


0*72 


these results are extremely curious. The younger stem 
contains far more nitrate than the lower portions, while (vide 
Gonvparison 2) the leaves growing from these younger stems 
contain very little. To confirm the results, repetition of the 
examination of leaves from various parts of the main vine was 
undertaken. 


5 . — Comparison of the various leaves from the main vine stem. 
{Repetition of comparison No. 2). 


No. 

Leaves. 

Potassium Nitrate 
(on dry leaf.) 

1 

Topmost four leaves ... ... ... i 

•68 

2 

Sth to 8th leaf from top ... ... 

1‘66 

3 

9th to 12th leaf from top ... 

1*94 

4 

13th to 16th leaf from top ... ... 

2*01 

5 

17th to 20th leaf from top ... ... 

2*04 

6 

21st to 24th leaf from top 

2*18 

7 

25th to 28th leaf from top 

2*17 


These figures confirm in every particular the former com- 
parison. 

The results brought out in these tables may be summarised 
as follows ; — 

(1) All parts of the living betel-vine plant contain nitrates. 

(2) In the main stem, the amount of nitrate increases 
towards the growing tip. 
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(3) In the leaves on the main stem, on the contrary, the 
younger leaves contain by far the least amount of nitrate. As 
the leaves mature, they, however, very rapidly reach what may 
be called a normal amount. 

(4) The youngest branches and the leaves growing thereon 
contain less nitrates than the mature ones. There is little 
difference between the various leaves and the various branches 
which have become mature. 

(5) In general, the stems contain more nitrate than the 
leaves. 

What then is the position of nitrate in the economy of the 
betel- vine plant ? Of course, at the present stage it is impossible 
to do more than to put forward a few tentative suggestions, but 
it seems worth while to try and do this. In the first place 
it would seem that the nitrate in this case is absorbed direct 
from the root. Whether it is absorbed by the root, and trans- 
mitted without change, we do not know : on this point our 
figures give us no information. But it passes up the stems, and 
tends to concentrate in the upper part of the main stem. In 
the young and growing leaves and branches however, very rapid 
reduction of the nitrate takes place, and the quantity I’emaining 
is very small. The mature leaves seem to have very much less 
effect in reducing nitrates, though they have some. But the 
rapid reduction of the nitrates in the leaves and stems seems to 
be coincident with very active growth, such as occurs in young 
structures only. It might be hazarded that here we have, 
possibly, direct supply of nitrogen for growth to the leaves and 
shoots in the form of nitrates, and that in this case the reduction 
of the nitrate is done by the growing structure itself, instead of, 
as is usual, by the root of the plant. This is at any rate the 
direction to which our results lead, but a good deal more work 
will be required before this can be stated with confidence. 
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The Sugar, Starch, Tannin and Essential Oil and other 
Normal Constituents of the Betel-Vine and their 
Relation to the Growth op the Vine, 

The original question which led to the present investigation 
was as to what is the cause of the use of the betel-vine leaf 
for chewing purposes. It was quickly found that no appreciable 
quantity of an alkaloid was present in the leaf, and no active 
glucoside seemed to be present. To what extent, then, are the 
other constituents normal, and to what extent do they difier in 
quantity in the various parts of the betel- vine plant. This was 
the question which we placed before ourselves, and we resolved 
to investigate the following normal constituents : (1) the tannin • 
(2) the sugars; (3} the starch ; (4) the ether extract; (5) the 
essential oil ; (6) the acidity ; and (7) the diastatic activity. Put 
in this form, the inquiry has not proceeded very far, but the 
results we have obtained are at least suggestive. 

The methods of estimation of these various constituents 
were as follows ; — 

(1) The sugars (reducing and non-reducing), and starch 
were determined almost exactly by the methods described by 
Brown and Morris in their account of their investigation of 
foliage leaves in 1893. In this the leaves are dried in an oven 
after placing them for a few minutes in chloroform vapour, or dip- 
ping them in alcohol— the latter by preference. The dried leaves 
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the mixture heated in a bath of boiling water to complete the 
gelatinisation of the starch. It is then cooled to 50° C., and 
malt extract is added (in which the sugar has been separately 
determined) and the conversion of the starch done for two houi’s 
at 50-55’ O. The mixture is then raised to the boiling point, 
the solid matter removed by filtration and the cupric reducing 
power of the filtrate determined in the usual manner. 

The original alcohol extract of the leaves, containing the 
sugars, is evaporated to dryness, after addition of a drop or two 
of ammonia to prevent possible inversion. The residue after 
addition of water is poured into a 100 cc. flask, 1 cc. of a strong- 
solution of basic lead acetate added, and the whole made up to 
too cc. Basic lead acetate removes tannin and other matters 
\vhich may interfere with sugar determination. The filti’ate from 
the precipitate produced by the basic lead acetate is treated with 
sulphuretted hydrogen, filtered and washed, and then evaporated 
to remove sulphuretted hydrogen. The liquid contains the sugars 
from the original ten grammes of leaves. The reducing sugars 
are determined in the solution by Fehling’s method volumetric- 
ally. The remaining solution is then treated with hydrochloric 
acid and kept on the water bath. iVfter this the reducing power is 
again determined by Fehling’s solution, and this gives a measure 
of the non-reducing sugars. 

o o ■ ... 

(2) The ether extract was determined by extracting the leaf 
dried iyi vacuo in a Soxhlet extractor in the usual way. 

(3) The essential oil was determined by taking ten grammes 
of fresh leaves and distilling with steam from a separate vessel. 
The distillate obtained was shaken with ether five to six time.?. 
The ether extract was evapoi^ated at the ordinary temperature, 
and the residue dried in a vaceum desiccator, and weights taken 
until it becomes constant. 

(4) The tannin. Two grammes of dried leaves or eight to 
ten grammes of fresh leaves were extracted three times for half to 
one hour with one hundred cubic centimeters of boiling water. 
The extract was filtered hot each time. The various portions of 
the filtrate were brought to the boil and the tannin precipitated by 
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the addition of twenty to thirty cubic centimeters of copper acetate 
solution. The precipitate was filtered and the filtrate always 
appeared green with the excess of copper acetate. The precipitate 
was washed, dried and burnt in a porcelain crucible. After cooling 
a little nitric acid is added and all the copper converted into cupric 
oxide by heating. The residue is copper oxide and one gramme 
of this is taken as equivalent of 1-306 grammes of tannin. 

(5) In estimating the acidity one hundred grammes of the 
fresh leaves were taken, and soaked in 500 cc. of cold water for 
twenty hours. The acidity of the liquid was then determined by 
decinormal solution of caustic potash, using phenol phthalein as 
indicator. 

(6) The diastatic activity was estimated precisely by the 
method devised by Brown and Morris in 1893 (Zoc. cit.). This is 
as follows : — Half a gramme of the finely powdered air dried leaf 
was digested at 30° C. with 50 cc. of a 2 per cent, solution of 
soluble starch which had been previously prepared by the limited 
action of hydrochloric acid on starch according to the method of 
Linfcner. The digestion of the mixture was carried on for exactly 
forty-eight hours, the danger of any appearance of micro-orga- 
nisms being averted by employing chloroform at the rate 5 cc. 
per litre of starch solution. A duplicate experiment was made by 
taking the same amount of leaf and starch solution, boiling the 
mixture for a minute or two and placing alongside the first solution. 
This solution was used for correcting the first solution for cupric 
reducing power of the sugars naturally contained in the leaf. 

The difference between the cupric reducing powers of the 
first and second solutions was a measure of the hydrolytic work 
done and it became possible when the time and all other condi- 
tions remain constant to compare the relative diastatic activities 
in this way. 

The cupric reduction was calculated in all eases as maltose 
and for purposes of comparison this was referred to one hundred 
grammes of the dry leaf so that the numbers indicating the 
relative diastatic activity really represent the number of grammes 
of maltose which the diastase of one hundred grammes of leaf is 
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able to produce from soluble starch by hydrolysis in forty-eight 
hours at a temperature of 30°C. 

A. number of betel-vine plants were taken and stripped ot 
leaves at the same time, the leaves being divided into several lots, 
as follows ; — 

Leaves from the main vine— 

(1) Leaves from the topmost two feet of the main vine. 

(2) Leaves from two to four feet from the top of the main 

vine, 

(3) Leaves from four to six feet from the top of the mam 

vine. 

Leaves frenn the branches— 

(1) Leaves from all branches whose origin is within two 

feet of the top of the vine. 

(2) Leaves from all branches whose origin is from two to 

four feet from the top of the vine. 

(3) Leaves from all branches whose origin is from foui to 

six feet from the top of the vine. 

The vines used were not completely grown, their height being 
on the average, about nine feet. There are seldom any branches 
or leaves within three feet of the ground, and so the analyses 
made included pi’actically leaves from all parts of the vine. 

All the samples were taken at onetime in the morning 
(10 A.M.). 

The results ai’e indicated in the following series of tables. 
All percentages (except w’here otherwise indicated) aie on the di_y 

leaves : — 

1. Sugars — 


I. Leaves from the main vine— 

(1) Within two feet of tip 

(2) 2 to 4 feet from tip ... 

(3) 4 to 6 feet from tip 
II* Leaves from branches— 

(1) Within 2 feet of tip of main vine 

(2) 2 to 4 feet from tip of main vine 

(3) 4 to d feet from tip of main vine 

-M 


■ Redweing 
, sugars (as , 
glucose). 

Non-ridueing 
sugars (as 
■ ' saccharose). 

Per cent. 

Far cent 

1-60 

1*20 

1-41 

1*31 

1-55 

1*18 

3*17 

2*48 

2*26 

1*12 

1*86 

*59 


Total HUgarJ5, 


P«r cent, 
2*80 
2*72 
2*73 
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So far as the leaves on the main vine are concerned, the 
amount of both reducing and non-reducing sugars is verj'' 
constant. But when the results from the branches are taken, 
there is a very marked difference. On the whole, the total 
amout of sugars in the leaves on the branches is higher than in 
those on the main stem, except with regard to the branches oji 
the lower part of the vine, where the non-reducing sugars are 
very low indeed. But among the branches themselves, there is 
a very large difference. The upper branches that is to say the 
younger branches bear leaves with a very large sugar content, 
both reducing and non-reducing. This amount declines regularly 
as one proceeds lower and lower in the branches originating lower 
and lower in the creeper. The decline is proportionately greater 
in the non-reducing sugars than in the reducing sugars as the 
following figures indicate : — 


Reducing 

sugars. 


Non-reducing 

sugars. 


Leaves on middle branches contain less than those on 
the topmost branches by 

Leaves on lower branches contain less than those on the 
topmost branches by ... 


The meaning of this can best be discussed, perhaps, 
nection with the figures for the percentage of starch. 

2. Starch— 


Starch, 


Leaves from the main vine— 

1. Within two feet of tip 

2. 2 to 4 feet from tip 

3. 4 to 6 feet from tip 

Leaves from branches— 

1. Within two feet of tip of main vine 

2. 2 to 4 feet from tip of main vine 

3. 4 to 6 feet from tip of main vine 


Here we have an extraordinary constancy. The amount of 
starch hardly varies at all between the leaves in the main vine, 



CHEMISTRY AND PHYSIOLOGY OF BETEL-VINE LEAVES, 


and those on the branches, — and also between the leaves on the 
upper and lower parts of the vine, — when, it is understood, the 
leaves are collected in the morning. 

If we take these figures with those which have already been 
given for the sugars, they would simply seem to indicate that the 
physiological processes of metabolism are much more active in the 
younger leaves near the top of the plant than in the lower part. 
In both cases the starch is small in amount, as would be expected 
in the morning. The relationship between the reducing and 
non-reducing sugars in leaves from branches in different parts of 
the vine seems significant of much more than this. On the 
branches from the upper part of the plants the non-reducing 
sugars in the leaves are 78 ‘2 per cent, of the reducing sugars : on 
the middle branches the non-reducing sugars in the leaves are 
49 '8 per cent, only of the reducing sugars : on the lower branches, 
the non-reducing sugars are 31 ’7 per cent, only of the reducing 
sugars In other words where absorption and metabolism are 
most vigorous, in the early morning the non-reducing sugars 
are very large in proportion to the reducing sugars. This 
would seem to be, on the whole, evidence that non-reducing 
sugar (say saccharose) is a first product of carbon dioxide 
absorption. 

3. Ether E'Xtraci — | 

4. E^xeMtial Oil — ^ 


Ks.soutiai 

Oil. 


Leaves from the main vine — 

1. Within two feet of tip 

2, 2 to 4 feet from tip 

4 to 6 feet from tip ... 

Leaves from the branches- 

1. Within 2 feet of tip of main vine 

2. 2 to 4 feet from tip of main vine 
4 to 6 feet from tip of main yioo 


Per cent, i Per cent. 


There is little to be remarked about the figures obtained 
for ether extract, nor would it be expected tliat anything of 
importance „wpuld, hecoin© clear from an e,stinuvtion of the 
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heterogenous mass of substances extracted by ether. The 
determination of essentia! oil gives results, howev'er, of decided 
intei’est. The leaves from the upper part of the plant, in each 
case contain more essential oil than those in the lower part of 
the plant. This is particularly marked in the leaves on the 
branches. While the leaves at the bottom of the main stem con- 
tain 70 per cent, of the essential oil in those near the top, the 
leaves on the lower branches only contain 44 per cent, of those 
on the branches near the top. The gradual diminution of essen- 
tial oil as one goes down the plant is interesting in view of the 
fact that young leaves near the top of the plant are not 
considered good for chewing, though (as we shall see later), it is 
undoubtedly the essential oil which gives the leaves their chief 
value. There is evidently some other .constituent or condition in 
the younger leaves which neutralises the effect of the larger amount 
of essential oil. What this is, we have no information at 
present. 

5. Tannin — 

When these investigations were commenced, we had an idea 
that the astringency of the leaves had something to do with their 
value, and hence the estimation of that class of substances which 
may be taken together as ‘tannin’ was of very considerable 
interest. The figures obtained were, however, as follows 


[. Leaves from the main vine— 

(1) Within two feet of tip 
(‘2) 2 to 4 feet from tip 
(3) 4 to 6 feet from tip 


Per cent. 
•97 
1*21 
I‘17 


Leaves from the branches— 

(1) Within 2 feet of tip of main vine 

(2) 2 to 4 feet from tip of main vine 

(3) 4 to 6 feet from tip of main vine 


The fioures obtained do not show much variation in the 


amount of tannin in the different parts of the plant. But both 
the leaves from the main vine, and those from the branches do 
seem to indicate that the largest percentage of tannin sub- 


s’? ‘ 'S 
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stances are contained in the leaves from the middle of the plant. 
The younger leaves do not appear to have acquired their maximum 
amount; the older ones seem to have lost some of what they 
once possessed.* This is curious from the fact that it is precisely 
these middle leaves which are most desired for chewing. The 
matter is one which demands further investigation, but, so far, 
we have not been able to spare time for it. 


Acidity 


(Cubic centimetres of 

caustic potash required 
for 100 grammes 
dry leaf). 


Leaves from the main vine— 

(1) Within two feet of tip ... 

(2) 2 to 4 feet from tip 

(Jl) 4 to 6 feet from tip ... 

Leaves from the branches— 

(1) Within 2 feet of the tip of the main 

(2) 2 to 4 feet from tip of main vine 

(3) 4 to 6 feet from tip of main vine 


7. Diastafic Activity— 

The figures Avhich follow, indicate the number of ; 
of starch which will be converted into maltose by 100 ■ 
of the dried leaf in forty-eight hours. It will easily be s 
this figure may be of importance in view of the general 
tion of betel-vine leaves as a digestive agent. The actua 


* These results are interesting when compared with those obtaiueti 
plant we know which has been investigated in this sense, hi that plat 
contain far the largest quantity of tannin siibstanccB, 


for tea, the only other 
It the you nge.^t leaves 
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are as follows, the leaves being gathered in the morning, 
about 10 A.M. 


I Diastatic Activity, 

I. Leaves from the main vine. 

(1) Within 2 feet of tip ... 

(2) 2 to 4 feet from tip ... 

(3) 4 to 6 feet from tip ... 

II, Leaves from the branches. 

(1) Within 2 feet of tip of main vine 

(2) 2 to 4 feet from tip of main vine 

(3) 4 to 6 feet from tip of main vine 


It is difficult to see a relationship between the use for 
chewing and the diastatic activity. The lower, harder, and 
older leaves naturally contain less diastase, and are recognised 
as unsuitable for use. The middle leaves are the best for 
chewing,— better than the younger leaves on the plant. This 
does not seem to correspond in any way with the diastatic 
activity. The diastase is far more variable than the amount of 
starch on which it acts. 

Such are the general characters of the leaves obtained from 
different parts of the betel -vine at the same time. The younger 
leaves on the plant contain much more essential oil, much more 
diastase, and much more sugars than those which are older. On 
the other hand the tannin does not vary in this direction. The 
leaves both on the middle branches and on the middle part of the 
main vine contain slightly the largest quantity of ‘ tannin.’ To go 
further than this in regard to the causes of the universal use of 
betel-vine leaves and the reason for which they are eaten 
demands a comparison of leaves more or less highly appreciated. 
The study of the production of the so-called ‘ bleached ’ leaves, 
which are about three times the value of ordinary green leaves, 
promised to give results in clearing up this question. Their 
study was, therefore, taken up in considerable detail, 


12-S 

121 

4-5 


14-3 

8-5 

7-0 


34 



OHRMISTRY AND PHTSIOLOOY OF 


Thk Commercial Bleachino of the Betel- Vine Beaf, and the 
Chemical changes by which it is accompanied. 

It is well known that although the leaves of the betel-vine 
are eaten in their fresh condition in by far the majority of 

te in which they are most appre- 
■n India. When required for special 
) can pay the extra price demanded, 
1 condition. That is to sajq they 
)n that the larger part of the ehloro- 
3 , the leaves become quite tough 
almost of the colour of leaves etio- 


are prepared in such a tasnn 
phyll apparently disappear 
but tlaecid, and they appear 
lated by being grown in the absence of light. 

This process of bleaching betel-vine leaves has never, so 
far as we can find, been the subject of any investigation. That 
storehouse of information, Watt’s Dictionary of the Economic 
Products of India, although it devotes seven pages * to the 
description of the leaves of the betel-vine, their preparation and 
their u.ses, does not even mention the fact that they are bleached. 
The same is the case also with the same author’s more recent 
book on the Commercial Products of India, f and other authors 
are equally silent. And yet the process is the basis of a very 
considerable industry carried on bj' a special class of people who 
keep their proce.sses seei’et with very great care. Most of the 
people, at least in the neighbourhood of Poona, are Mohamedans 
called TCimholi or more commonly pan-bhaiiicahis. 

The result of bleaching is a very great increase in the value 
of the leaves. The actual price paid for leaves of various kinds 
in the Poona bazaar for a number of months has been ascertained 
and is given in the table opposite. 

We have had the advantage of being allowed by one of the 
members of this community to follow his system carefully, and 
are hence able to present here the actual methods which he 

; ■ ^ Vol, Vi| Parti, page 5^47, ^ *f pages — 
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employs. We have also followed the process by analysis with ref- 
erence to several of the important constituents, and are able 
to give in addition an account of the variation in these consti- 
tuents throughout the process. 

The leaves of the betel-vine to be used for bleaching should 
best be obtained from a garden of at least three years’ standing, 
and the best results are obtained with leaves from a garden 
four to seven years old. This ensures that the vines are of 
older growth and the leaves well developed. These leaves 
should not be very tender, or inferior results are obtained. In 
buying the leaves for bleaching, — for the bleachers are always 
different people from the grower.^!, — attention should be paid to 
the colour, especially in the case of leaves from vines which 
have been recently earthed up, and new gi’owth produced 
{naoati leaves). The colour should be a dark green, rather 
darker than usual, and not on any account a light green or 
gajrya. These light coloured leaves are useless as they often 
rot during the bleaching process. The midrib should b^ prom- , 
inent and the stalk and surface of the leaves should be rather 
rough to the touch. These are of course the practical tests, 
but the eye of experience is quite sufficient to detect a good 
lot of leaves for the purpose. 

Not only, according to the growers, is the actual character 
of the leaves important, but the season in which they are taken. 
In the cold weather, and especially in the months of November, 
December, and part of January the growth of the leaves is very 
slow and they give poor results when they are bleached. During 
this season the leaves rot rather than bleach. The commence- 
ment of the hot weather gives the best results. From the end 
of March to May the coiling of the creepeie takes place, and 
at that time the most suitable leaves (Jimawan) are available in 
smaller quantities and are very dear. In fact, all leaves are 
more scarce at this time of year than at any other. From May 
onward the new leaves (navati) begin to appear in the market. 
These are useless for bleaching until they become dark in colour 
with increasing age. Then they improve in quality. By J uly 
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they can be used for the purpose, and from August and onward 
they are quite in good condition like the junctw<xn. 

The method of bleaching is as follows : One kudtan, or 
from fifty to seventy pounds of leaf is bleached at one time. 
This Jcudtan contains forty-one kavcdis, each containing four 
hundred leaves, so that a kudtan contains about 16,400 leaves. 
The packing of the leaves in the kudtan is peculiar, but quite 
systematic, and is exactly similar to that used in packing betel 
leaves for transit. The stalks of the leaves should be cut close 
to the base of the leaf. A special instrument is used foi this 
purpose but scissors answer the same purpose. 

A large round basket from two to two and a half feet in 
diameter and twelve to eighteen inches high is selected and lined 
with matting. If a smaller number of leaves are to be bleached 
at once the height should be greater and the diameter less. There 
is nothing special in the form or material of the basket and a 
galvanised iron pot is often used. In this case, though the pro- 
cess is more rapid, a larger proportion of the leaves become 
rotten. In this case plantain leaves are spread at the sides 
and bottom of the vessel. 

Usually after lining the basket with matting and a tew plan- 
tain leaves inside this, water is sprinkled to wet these leaves. 
Then betel leaves with stalks duly cut ofi‘ are arranged in layers, 
the leaves being almost vertical, but lying slightly over one 
another, the underside uppermost, as in the ordinary packing 
of such leaves for transit. Each layer is in the form of tu o 
or three circular rings of leaves. A vertical hole is reserved 
in the centre of convenient diameter to allow the^ hand when 
introduced to reach the bottom layer easily. This enables a 
constant watch to be kept over the process. The leaves in each 
layer usually amount to two thousand five hundred. After each 
layer is complete one to two pounds ot water is sprinkled care- 
fully over all the leaves in the layer. In all ten to twelve 
pounds of water or fifteen pounds at the utmo,st are sprinkled 
over one kudtan of leaves,' — ^at least, this is the quantity in the hot 
weather. In the I’ainy season the amount used is less, as the 
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leaves then are more watery, and reaches five to ten pounds in 
all. Experience, however, is said to be the only guide as to the 
exact amount to use ; the larger the amount of water used, the 
more rapid is the bleaching. In this case, however, there is 
much more rotting among the leaves, and a slow bleaching is 
always preferred. These quantities apply to junatoan leaves : 
navati leaves require less water. Any excess of water gradually 
drains away. 

There are several other methods of wetting the leaves, and 
the manner in which it is done is evidently a matter of detail. 
Sprinkling, however, is considered best, as leading to a slow, 
normal bleaching, with very few rotten leaves. 

The basket is then covered with a wet gunny bag and kept 
in a warm, ventilated place, — where there is no chance of sunshine. 
In this state the basket should be kept for three or four days 
according to season. On the third or fourth day the gunny bag 
is removed and the state of the leaves observed. They are 
examined to see whether the water added is sufficient or in excess, 
as also to note whether there has been any sudden rise in tempera- 
ture. After about eight days all the leaves are taken out, care- 
fully examined and any which have commenced to rot removed. 
If the colour of the leaf near the base becomes red or reddish 
brown, it should at once be rejected. A yellow colour or a 
turmeric colour anywhere on the leaf is very objectionable. 
Leaves with clear spots of this colour are also removed.^ 

At this stage there are a few leaves which have bleached 
properly and these are taken out for use, and the remainder 
arranged in the hudtan as before. No more water is now added, 
but the plantain leaves at the bottom are again wetted. The 
whole mass may now be weighed and covered by a wet gunny 
bag as usual. 

The taking out and picking over is repeated every five or six 
days, and at every stage more leaves are bleached. If a longer 
time is allowed to elapse, a large number quickly become rotten. 

» This objectionable colour is classed as Indian yellow (Jaioie indieii) in the colour scale 
published by the Socicte francaises des chrysanthemistes and prepared by E. Oberthiir, 
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Ill the hot weather almost all that are likely to give good results 
have bleached in ten to twelve or fifteen days ; in the cold weather 
they are kept for fifteen to twenty days, or even longer 
than this,— and yellow rather than white leaves are usually 

obtained. -t i 

The process of selecting and turning the leaves is considered 

extremely important as after the first few days more and more of 
the leaves begin to rot, and this rotting quickly spreads to the 
other leaves. If it is required, by continuous turning a large 
proportion of the leaves can be kept good for two months. 

The colour to be desired in the final product is that termed 
jmme soldi or sunfiower yellow in the colour scale previously 
referred to. Highly bleached leaves sometimes reached an amher 
white {hlanc mnhre) on the same colour scale. Properly bleached 
leaves should be very soft, tender, of the proper colour, but very 
bright, clear of any stain as if rotting had commenced, and they 
should further increase in brightness on keeping. ^ A brittle leaf 
is not liked, and leaves too highly bleached are objected to. 

The following is an account of an actual experimental bleach- 
ing under our observation. 

The bhati was set on June llth, 1911. 

The first turning out and selection took place on June 1 6th, 
1911. The leaves which showed an Indian yellow colour were 
thrown aside for use at once. They are called ‘ dead ’ and are 
utterly useless for farther keeping. The rotted ones were thrown 
out as well as those which had begun to turn brown at the base. 
Those which had begun to turn brown at the tapering end neie 
kept after removing\he rotted part. Nearly ten per cent, of the 
leaves became useless for further bleaching. Practically no leaves 
showed any sign of real bleaching. Among namd leaves, there 
was no change at all except a duller appearance. 

The second, third, and fourth turnings which followed every 
fifth or sixth day were carried out in the same way. No further 
water was applied except the wetting of the plantain leaves at 
the bottom of the basket, and of the gunny bag with which the 
kudlan was covered. The basket was kept in a cool place. The 
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colour showed progressive changes from the fresh green of the 
original leaves to a fully bleached colour. 

On the fifteenth day all the leaves were bleached, except 
those which had become rotten or were considered as unlikely to 
bleach if kept further. 

This was the process as carried out by the Tamholi and it 
seemed so simple that the next step was to carry out the bleach- 
ing ourselves under conditions where the control could be more 
perfect and the process could be watched with greater care. 
Leaves were therefore brought from a, pan garden packed in the 
ordinary hudtan. The leaves contained in the kudtan and few 
others after removal of the stalks weighed twenty-three 
kilogrammes about, while the stalks removed weighed six 
kilogrammes. The number of leaves was approximately sixteen 
thousand. 

The hhati was started on November 1st, 1911, in a basket of 
the form ordinarily used for this purpose. It was lined with 
plantain {vatvali) leaves as usual at the bottom of the basket. 
Two pounds of water were required to moisten these. 

The leaves were then arranged in the usual way, packed 
almost vertically side ways, but slightly leaning over so that the 
lower side of the leaf faced uppermost. One pound of water was 
sprinkled over each layer and thus five pounds for the whole hhati 
of leaves. The whole was then covered by a wet gunny bag in the 
approved style to stop evaporation and, as the j^eople say, to main- 
tain the temperature of the hhati as fiir as possible. The leaves 
when taken for the bleaching process were, not dry as the kudtan 
containing leaves had been a short time previously soaked in 
water and hence very little water was required. The leaves 
were in excellent condition for bleaching. Four days later 
the leaves were all examined and repacked, not this time so 
much to pick out the bleached leaves as to see whether the 
water added was sufficient or in excess and also to see if there 
had been a sudden rise in temperature. 

This examination is stated to be necessary for if the water 
added be too large in amount, the temperature rises, the leaves 
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become dark in colour, rot quickly and do not bleach well. Jf 
the amount of water is too small, the bleaching is uneven and 
the leaves are apt to dry, which is fatal. In the present case 
the leaves were rather dry and four pounds of water additional 
were added to the hhati. There was no change in the colour of 
the leaves and no great increase in temperature. 

On November 10th — ten days after the leaves were put to 
bleach— they were turned for the first time in order to remove the 
leaves wholly or partially rotten and others which w^ere useless 
for further keeping, as well as any which may be already bleached. 
The following were the actual figures obtained 

November 1911. 

Total Weight ... ... ... 23,080 grammes, 

November ith, 1911. 

Total Weight ... ••• ••• ••• 22,400 „ 

Leaves removed rotting 180 grammes. 

Weight of leaves remaining ... 22,220 „ 

November 10 thf 1911. 

Total Weight ... ... ••• 21,820 „ 

Leaves bleached and fit for use ... 1,130 grammes. 

Leaves partially bleached 4,540 „ 

Leaves not yet bleached ... 13,560 

Partly or wholly rotten and hence 

removed 2,490 „ 

The extent to which the decay had gone in the leave.? 
removed rotting, wa.s as follows : — 

Leaves rotten throughout ... 30 grammes. 

Leaves rotten at the tij) only .•* 1,750 „ 

Leaves rotten at the stalk only ... KL ,, 

Leaves, not rotten, but sliowiiig 
signs of incipient decay ... 543 „ 



In rearranging the leaves the whole of the rotten and of the 
bleached leaves were removed and sample.? amounting respectively 
to 500 grammes of unbleached leaves and yOG grammes o 
partially bleached leaves were taken, and, as is usual, the layers 
which had previously been uppermost were put at the bottom. 
The total weisrht of leaves placed in the l-udian again was IG‘78 
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kilos. As the temperature was low, the leaves were not again 
examined, turned and repacked until November 16th. This 
second turning with the third is supposed to give the best 
bleached leaves. The actual figures obtained of the second 
turning, ^.e., on November 16th are given below : — 

November \Qth, 1911. 

Total Weight ... ... ... ... 15,770 grammes. 

Leaves bleached and fit for use ... 3,920 grammes. 

Leaves not yet fully bleached and 
fit for further keeping ... 9,320 „ 

Leaves partially or wholly rotten 2,530 „ 


The extent to which the decay had gone in the leaves 


removed as rotting was as follows 


Leaves rotten throughout 
Leaves rotten at the tip only 
Leaves rotten at the stalk only 
Leaves not rotten, but showing 
signs of incipient decay 


223 grammes. 
3,242 
680 


In again rearranging the leaves the whole of the rotten 
leaves and of the bleached leaves were removed, and a sample 
amounting to 1,950 grammes of the unbleached leaves was taken 
out for examination. The total weight of leaves replaced in the 
kudtan was 7,370 grammes. The next examination took place 
on November 21st, 1911, and resulted as follows : — 


November 21 st, 1911. 

Total Weight 

Leaves bleached and fit for use ... 3,200 grammes. 

Leaves not yet fully bleached, and 
fit for further keeping ... 2,400 „ 

Leaves partially or wholly rotten . 1,150 „ 


... 6,750 grammes. 


The extent to which the decay had gone in the leaves 
removed as rotting was as follows : — 

Leaves rotten throughout ... 200 grammes. 

Leaves rotten at the. tip only ... 500 „ 

Leaves rotten at the stalk only ... 450 „ 


In arranging again the small quantity of leaves for further 
bleaching, care had specially to be taken to avoid the possibility 
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of drvin<y The total weight of leaves replaced m tl^ IvAtau. 
l l "oO gramme. The“y were again examined on November 

30 th, as follows ;— 

NoV&ffhbQT oOth} 1911. 2,590 gramuifs. 

Total Weight 

Leaves bleached and fit for use ... 1,170 grammes. 

Leaves not bleached and fit for 
further bleaching ••• ^ 

Leave.s partially or wholly rotten 1,060 

The extent to which the decay had gone m the learee 
removed as rotting waa ■- 

Leaves rotten throughout 

■ Leaves rotten at the tip only ... ISO 

Leaves rotten at the stalk only. ••• 520 ’> 

This was the end of the process. The leaves whidi rel'use 
to bleth L be sold cheaply as fresh leaves. Those whrdr have 
rottln patches at the tip or the stalk have^ the rotten pieces le- 
moved and are then sold as leaves of interior qualitv. _ 

The total result of this commercial bleaching ot betel-vme 

leaves was as tollows . 

Original weight of leaves ... 

(Leaves taken for sample.? ... 


23,5.'ii0 gramniei?. 
4,520 „ ) 


Actual weight of leaves obtained 
Leaves bleached and fit for use 
Leaves which did not bleach 
Leaves partly or wholly rotten 
Actual loss in weight during bleaching 


10,060 
16,210 „ 

8,630 grammes, 
360 „ 

ji 

19/)0T 


The extent, taking the whole opernlion into nccomd to 

vhich the decay had gone in the leaves when removed w. is 

bllows : — 

Leaves rotten throughout 
Leaves rotten at the tip only 
Leaves retten at the stalk only ■■■ 

Leaves removed as showing incipient rotting 


ft 05 grauimcb- 
3,022 n 

!,Bi7 
023 „ 


7,227 


Of these all except the first would be .saleable. 
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These results are shown in percentages in the foilowii 
table :~ 


.Date. 

: 1911. 

Kind of leaf and operations 
performed. 

Not 

bleached, 

7 

(0 

i . ■ 

bleaohid. Bleached. 

7 . b 

j 

Partly or 
wholly 
rotten. 

% 

November 1st ... 

Fresh leaves 



I 

10th ... 

First turning of all the 
leaves. 

1 

1 62-5 

1 

20-7 5-2 

U'6 

16th .. 

Second turning of the 
re.sidue unbleached on 1 
10th. 1 

1 59*1 

24*9 

160 

•21st ... 

1 

Third turning of the i 
residue unbleached on | 
16th. 

47*4 

£5*6 

17*0 

,, 30th ... 

Fourth turning of the 
residue unbleached on 
21st. 1 

i 

1 

14*0 

45*0 

41 0 


At the end of all the operations we have 


Uii bleached leaves remaining ,,, 
Bleached leaves .«• ,,, 

Partially or wholly rotten leaves 


... 2‘2 per cent. 
... 53*3 „ 

... 44*5 


Careful temperature records were kept in connection with 
this b/iaii which are given in the table opposite. It will be 
seen that the rise in temperature was very slight indeed, the 
loss of heat due to evaporation of the water almost counter- 
balancing the rise of temperature due to the changes which take 
place. 

This is, by no means, the only hhati which has been carried 
thi’ough completely, but all give results which are comparable 
with those here quoted. There is no need to go into full details 
with regard to these, but summarised figures regarding one other- 
wili indicate how the process varies from season to ^ason, and 
from condition to condition. 

In the case which we shall now describe, junatmn leaves 
considered particularly suitable for bleaching were taken on 
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March 9th, 1912. The progress is shown by the following 
figures: — 

March Qth, 1912. 

Total -weight ... ... ... ... 27,820 grammes. 

March lliA, 1912. 


Total weight ... ... ... 

... . 27,670 grammes. 

Leaves showing signs of incipient rotting 


and heiiee removed 

670 grammes. 

Weight of leaves remaining 

27,000 

March \5th, 1912. 


Total weight 

... 22,680 „ 

Leaves bleached and fit for use 

570 grammes. 

Leaves not bleached or partly bleached 

18,710 „ 

Partly or wholly rotten ... 

3,400 „ 

Total weight of leaves retained after turning* 

o 

QO 

March 21st, 1912. 


Total weight 

... 16,230 

Leaves bleached and fit for use 

3,500 grammes. 

Leaves not bleached and fit for further 


bleaching 

12,070 ,, 

Partly or wholly rotten 

660 „ 

Total weight of leaves retained after turning 

9,980 „ 

March 29ilh 1912. 


Total weight 

8,650 

Leaves bleached and fit for use 

5,000 „ 

Leaves not bleached or fit for further 


bleaching 

2,150 „ . 

Partly or wholly rotten 

o 

o 

The total result of this commercial bleaching of this lot of 

betel- vine leaves was as follows : — 


Original weight of leaves ... 

27,820 grammes. 

.(Leaves taken for samples 

3.420 „ ) 


24,400 . 

Actual weight of leaves obtained ... , ' ' . ... 

17,450 

' Leaves bleached and fit foiMise 

9,070 gmmmes. 

Leaves which were not bleached 


Leaves partly or wholly rotten ... 

6,230 ■ 

, Actual loss of ^vefght during bleaching ... 

6,950 , 


24,400 

barge samples were taken from the leaves for analyses 

uf each farcing, an 1 lienee there 


iippws to lie n verj large loss, 
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The extent, taking the whole operation into account, to 
which the decay had gone in the leaves when removed v/as as 
follows:— 


Leaves rotten throughout 

Leaves rotten at the tip only 

Leaves rotten at the stalk only 

Leaves removed as showing incipient rotting 


554 grammes. 
3,042 
540 
2,096 


Of these, as already remarked, all except the first lot would 
be saleable. 

At the end of all the operations we have, in percentages, 


Unbleached leaves remaining 
Bleached leaves ... 

Partially or wholly rotten leaves ... 


The temperature records in the above hliati are shown in 
the table opposite : — 

In connection with these temperature records, it may be 
interesting to give figures indicating the rates of bleaching and 
of becoming rotten in the upper layer of leaves, and in the 
remainder of the basket. 


March ibth,, 1912. 

Bleached leaves 
Leaves not yet bleached 
Leaves more or less rotten 

March 1912. 

Bleached leaves 
Leaves not yet bleached 
Leaves more or less rotten 


Upper layer. Remainder of hhati. 
2*9 per cent. 2-4 per cent 
.. 85*3 per cent 81-9 per cent 

.. 11-8 per cent. 15*7 per cent 


Upper layer. Remainder of hkati. 
64*2 per cent. 60*4 per cent. 

29*2 per cent 21*8 per cent. 

16 6 per cent. 17 ‘8 per cent. 


These would seem to indicate that the higher temperature 
in the lower layers at the commencement of the process leads 
to an increase in the number of rotten leaves, but not to an 
increase in the amount of bleaching. At the latter part of the 
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process, when there was no difference of temperature, the 
bleaching went on a little more rapidly in the lower layers. 

The progress of the bleaching process was followed at eveiy 
stage by determination of the amount of the constituents which 
seemed likely to be important as indicated in Part II of the 
present paper. The methods there indicated were adopted in 
the estimation. 

(1) Sugars . — The changes which occurred during the process 
are indicated in the following table : — 


Date, 

1911. 

Character of sample. 

Reducing 

sugars. 

Non-reducing 

sugars, 

Total sugar.s. 

November bst ... 

Fresh leaves 

For cent. 
0-43 

Per cent. 
1*30 

- Per cent. 
1*73 

November lOtli | 

(o) Unbleached 

Partially bleached 
■ ((?) Bleached 

6*43 

6-19 

0xS3 

0-70 

0-51 

(P50 

M3 

101 

1*32 

November 16th ^ 

{«) Unbleached* 

(6) Bleached 

O-oO 

(,t83 

0*71 

0-41 

1*21 

1*24 

November 2lst | 

(u) Unbleached* ... 

{h} Bleached 

0-64 

1 .. 0'82 

0‘46 

0-33 

MO 

1-15 

November gOth <| 

* 1 

(a) Unbleached^ 

(b) Bleached ... 

0-76 ^ 

0*S3 

0*37 

0*29 

1*13 

1*12 


In tins case all leaves not bleached enoug'h for removal, and lit for further treatment 
have been classed as unbleached leaves. 


These results seem very definite. There is a rapid loss of 
total sugars in the early part of the bleaching process. There- 
after the amount foils only very gradually. The character of the 
reducing sugars in the bleao^ied leaves is wonderfully constant. 
Thus we have : — 


Leaver. 


After ten days bleachinj: 

After sixteen days bleaching 
After twenty *one days bkaehing 
After thirty dayt bleaching ... 


Iteduc'iiig No.-rcauc-iiig .j. j , 

sugars, ,*jugar.s. ^ 


Percent Percent, f Percent 

il-g:5 ’ Ood ’ !•:« 

imi O'lt 1*21 

I]’:« I in 

0'$:i i*pj 


At all stages the reducing sugar seems to have reached a 
constant amount in the bleached leaves, the non-reducing .sugar 
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being the constituent which gradually falls. At every stao-e, 

too, the Ieave.s which have not bleached do not contain as much 
reducing sugar as, and do contain more non-reducing sugar than, 
the fully bleached leaves. Ihe following figures from the leaves 
which did not bleach compare well with those last given ; 


Leaves. 

i 

1 Puedueing 
i sugars. 

Non- reducing 
sugars. 

1 

j Total sugars. 

After ten days bleaching? 

After sixteen days bleaching .. 

After twenty-one days bleaching 

After thirty days bleaching ... 

Per cent. 
0-43 

0‘50 

0*64 

0-76 

Per cent. 
0*70 

0-71 

0-46 

0*37 . 1 

1 

! ■ ■' . -""A 

Per cent. 
1*13 

1*21 

1*10 

1*13 


At the end of the process it will be seen, however, that the 
character of the sugars in the leaves which refuse to bleach is 
gradually approaching that in the bleached leaves. It would 
appear, therefore, that with regard to the sugars an identical 
or similar reaction is taking place to that which has taken place 
in the bleached leaves, — but it goes on much more slowly. 

(2) —The changes in the amount of starch are as 

interesting as those which take place in the sugars. The following 
. table gives the actual figures obtained ^ 


Date, 1911. 

Character of sample. 

Starch , 

Per cent. 

November 1st 

Fresh leaves 

3’10 

November 10th ... ... .| 

(a) Unbleached ... 

(ft) Partially bleached 

{c) Bleached ... ... *'* 

3*07 

2*90 

2*89 

November 16th ... ... | 

(а) Unbleached* ... 

(б) Bleached ... ... ;;; 

' " '2*46 ' 

1*92 

November 2l8t ... ... | 

(a) Unbleached* ... 

(ft) Bleached ... .. 

2*68 

1*90 

November 30th ... , | 

(«) Unbleached* .. 

(6) Bleached ... 

1*52 

1*44 


» In this case all leaves not bleach ;d enough for removal, and fit for further treatment 
have been classed as unbleached leaves. ’ 





The amount of starch gradually diminishes in all the leaves, 
whether they are bleaching or no. The los.s of starch, however’ 


mtiiimmm 




48 CHEMISTRY AND PHYSIOLOGY OF BETEL- VINE LEAVES. 

goes on much faster in the leaves which bleach than in those which 
refuse to do so, at any rate until the last stages of the process. 
At the second and third turning of the leaves a constant posi- 
tion of the starch seems almost to have been reached,— but 
this is shown not to be really the end of the process for a very 
considerable further reduction takes place after the twenty- 
first day. 

Taking the figures for the sugars and the starch together we 
may say that in the hhati we are discussing — 

(1) The reducing sugars rose to a constant amount in the 
bleached leaves. 

(2) The non-reducing sugars suftered a constant decrease 
during bleaching. 

(3) The starch suffered a constant decrease during bleaching. 

(4) These changes invariably took place faster in the leaves 
which bleached easily than in those which would not do so. 

Though the e.vperiniental hhati we have quoted and for which 
we have given the results is the most complete we have made, 
these same points with regard to the sugars and starch seem to 
be indicated in other cases in which we have carried out the 
process. The following are the figures obtained for a hhati 
worked from September 1st to 9th, 1911. In this ea.se the 
leaves were narati, but were considered fit for bleaching. Tiie 
leaves had been plucked several days before the hhati was set. 
This, however, is considered no disadvantage. The iigures were 
as follows ; — 


Date, inn. 

Character of saiaple. 

lltHbieinfr ; 

Non-re- 

ducirif/ 

.-ug-ar-. 

'rntal 

-ng‘dr<. 

.Stari'h, 



l*ur cent. 

IVr cent. 


Per cvnt. 

St»pt ember 1st 

Fresh lea ve.s 


Obu 

Hill 

2111 

September 9th 

1 {tt) rnbleaehed 
i (h) Bleached 

0*10 

U-lN 

o*;d 

urn 

I1f0 

1*01 


( (ti) Unbleached 
< {h} Fartially bleaclied 
i (c) Bleached ... ! 

■ 

U':i7 ; 

0*09 

1*79 

Hepteiuber Hth 

o-.ll 


fPbi 

1*7.1 

0*4?1 

0':mj ; 

11*71 • 

Ufil 

September 19th 

1 {a) Unbleached j 

1 ih) Bleachefl ... ... | 


INo 

0*S1 ! 

0*77 1 

l-IO 

ltd 


MANN, SAHASRABUDDHE AND PATWARDHAN, 


49 



the condition of the leaf at the beginning 
with regard to the content of sugars and starch precluded appa- 
rent!}- the striking results obtained with regard to the redueino- 
sugars in the former case, yet in nearly all other particulars the 
results agree with the conclusions above given. There is the 
reduction in the amount of starch, the reduction in the amount 
of non-reducing sugars, taking place more rapidly, as a rule, in 
the bleached than in the unbleached leaves, and the fact that the 
reducing sugars do not decrease,* although they do not increase 
as in the h/iati previously reported. 

The re.sults of a third hhati may also be reported, taken at 
an even more favourable season than the last two, and with 
junatvcm leaves, considered specially suitable for bleaching. The 
hhati set on June 13th, and lasted till June 27th, and so far as 
sugars and starch were concerned, gave the following results 


Date. 

Kind of Leaves. 

Reducing 

sugars. 

Non -re- 
ducing 
sugars. 

) 

Tobil 

sugars. 

Starch. 

June 13th ... .. 

Fresh leaves ... 

Per cent. 
O‘o3 

Per cent. 
0'97 

Per cent. 

1 1*50 

Per cent, 
1*78 

June 16th ... ^ 

{«) Unbleached ... 

[h] Showing signs of bleach- 
ing 

0-74 

' , 0‘74 ■ ' 

0*62 

; 0*82 

1 ...» 

|- 1*56, ■ ^ 

1*80 

1*70 

June 19th ... | 

{a) Unbleached 
ib) Bleached ... 

0-5G 

0 62 

0*97 
0*42 1 

i 1*53 ! 

1*04 

1*31 

1*76 

June*23id ... ^ 

(o) Unbleached and parti- 
ally bleached only ... 
{b) Bleached .. 

0-SS 

0'96 

1 

0*43 
0*40 : 

1*31 

1*36 

0*91 

0*92 

June 27th ... <| 

[a) Unbleached and partly 

bleached only ... 

[b] Bleached ... ... 1 

0*75 

0*95 

>4?C5 

oo 

1*10 

1*24 

0*86 

0*73 

— 



— 

1 




Again the results are, on the whole, similar to what we have 
seen in the previous case.s. 

(3) Tannin. — We may now turn to a consideration of wdiat 
happens to the tannin during the process of bleaching. The 
method of estimation i,s, no doubt, an imperfect one, but it 
represents, at any rate, the changes taking place in a particular 
class of substances, if not in any one chemical individual. 

* Omitting the analysis of the bleached leaf on September ^)th which seems peculiarj, aiicl 
which we cannot account for. 
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(a) Bhati set on November Isf, 1911. 


Date. 

Kind of Leaves. 

Tannin. 

Noveiiibeir Isfc 

Fresh leaves 

Per cent. 

2-05 

November 10th ...*1 

(«) Unbleached 

(b) Partially bleached ... ... .. 

(c) Bleached ... 

2,-90 

2-00 ■ 

vm',: 

November 16th 

{a) Unbleached 

(&} Bleached ... ... ... 

1*84 
. , ,1*87 

November 21st ...| 

(а) Unbleached ... ... ... 

(б) Bleached 

'.■210 

1*63 . 

November ?J0th ... | 

{«) Unbleached 
(5) Bleached ... 

I‘62 

1*89, 

(b) Bhati set on 

June iSth . — These leaves were in excellent 

condition for bleaching. 


.Date, 

, . 

Kind of Leave.-:* 

i: Tannin. 

June 13th 

Fresh leaves ... 

■ , Per cent. 

Juno 16th ... ... 1 

(a) Unbleached ... 

! (b) l^avtMly bleached ... 

■ P79 ' ■ 

1-70 

Oiuri iOth ... ... 1 

(а) Unbleached 

(б) Bleached ... ... 

1*84 ' 

■ P92 

June, 23rd ...*j 

(u) Partially bleached ... 

{b) Bleached ... 

. 1*79' 

; , ■ 2*07 ' ' 

June 27th ... ' ' ., •[ 

(«) Partially bleached 
(b) Bleached ... 

‘ ' PSO 

2 m 

(c) Bhati set on September l.s’/. — These leaves were of naratt 

tj’pe, but were considered good enough for bleaching. 

i.)ate. 

Kindt of Loaves 

Tannin. 

September 1st 

■ Fre.sh leaves ... ■ .... 

IVr cent. 

1-61 

September 9th * '1 

Unbleached ... ■ ... ■ .*. 

(6) Bleached ... 

1‘Oa 

1%12 

September 11th ,. 

iu) Unbleached 
; ib) Partial ly Meache< 1 

’(c). Bleached '., .... - . ... ■ . ■ ..... 

im 

M8 

; i*m 

September 19th 

I (a) Unbleached 
j(6) Bleached ... 

lid 
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These results, taken as the}' are from 
various times of the year, and under very \ 
not seem to indicate any very large change i 
tannin in the process. In fact the actual l 
indicate no relationship between the bleachi 
age of tannin whatever. Certainly the 
bleached leaves does not depend on any inc 
due to increase in the amount of tannin. 

Judged from a wider standpoint, these f 
any tendency of the tannin to disappear by f 
digestion in these leaves, separated as they 
and yet still living,— nor on the other hand < 
the tannin is a waste product which thev 


Date, 

Kind of Leaves. 

Tannin. 

November ISth 

Fresh navati leaves 

! 

Per cent, 

^ 3*26 

November 16th 

No change in colour 

1 

... 1 2'03 

November 39th 

Leaves slightly changing in colour ... 

... i 2-05 

November 23rd 

Leaves slightly changing in colour ... 

2*32 

November 27th 

Leaves bleached 

2*38 

j 
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Date, 1912. 

Kind of Leaves, 

Ether 

Extract. 

Per cent. 

Essential Oil. 
Per cent. 

Bfarch 9th 

Fresh leaves ... 

15-7 

"1*23 

March 1.3th ...-l 

(а) Unbleached loaves 

(б) Partly bleached leaves 
(f) Bleached leaves 

12*9 

ia‘0 

1-26 
. 2'23 

4-76 

March 2ht ... | 

(ffl) Unbleached leaves 
{b) Bleached leaves 

13*5 

13-7 

1*41 

5*20 

March 24th ...| : 

i 

I («) Unbleached leaves 
(6) Bleached leaves 

ll-S 

1 13-5 

! 

1-28 

4-20 


We shall have no more to say with regard to the total ether 
extract. It evidently indicates nothing which is important from 
the present point of view. But the figures for the essential oil 
are very striking indeed. During the bleaching process, — and 
evidently intimately connected with the bleaching itself, there is 
a verv laro'e increase in the amount of essential oil. In one ease 
it actually becomes four times as great in amount as it was in the 
ori<xhial leaf, while in the leaves which refuse to bleach it remains 
almost constant in amount throughout. 

Thi.s result is, in accordance, of course with the view that 
the essential oil is the constituent which gives their main value 
to betel-vine leaves, for the bleached leaves are usually worth 
three times at least as much as the fresh leaves.'-' 

Considered as a point in plant ph3'siology, it is clitficult to 
e.xplaiii, but it might be worth while to draw attention again to 
the fact that one of us (H. H. IMann) found a considerable in- 
crease in the essential oil of the tea leaf during the " withering 
or rather ‘ wilting ’ process in the manufacture, which ha.s certain 
analogies with the process of bleaching which we arc dis- 
cussing. 

The increase in essential oil during the bleaching oi the leaf 
was so striking that it seemed w’orth while to see if a microscopi- 
cal examination of the leaf would indicate in what way the in- 
crease in oil occurred. Sections of the fresh and bleached leaf 
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were, therefore taken,— and the following observations were 
made. 

hresh Leaves . — In these there were two kinds of oil globules, 
one type much larger than the other. The larger ones were 
transparent and seen in all parts of the leaf and were about 0 4 
millimetre in diametei’. The small ones were semi-transparent, 
and were seen all over the surface, were quite circular or ellip- 
tical, and were surrounded by chlorophyll grains, and were about 
OT millimetre in diameter. 

Bleached Leaves. In these the small oil globules had become 
veiy much more numerous than before, and were clearly seen all 
over the surface. The larger globules were not affected, and 
their appearance and number remained very similar to what had 
been .seen in fresh leaves. 

6. Acidity . — The acidity, determined as previously indicated 
and expressed as the number of cubic centimetres of one-tenth 
normal caustic potash solution required to neutralise the acidity 
in one hundred grammes of leaves, is shown in the various stages 
of a typical hhati in the following table : — 


Date, 1911. 

j Kind of Leaves, 

Acidity (as above 
defined). 


November 1st ... 

... i Fresh leaves 

■ n2'8. ■ 


November lOtli 

f («) Unbleached ... ... 

^ Partially bleached ... 

( {a) Bleached ... ... 

108 0 

97-0 

1:200 


November Ibtli 

f ftK) Unbleached ... 

\ {b) Bleached 

85'0 

130 -0 


November 21st 

f (a) Unbleached . . 

t,(6) Bleached ... ... 

9;P0 

161-0 


November 3()tb 

J (a) Unbleached 
( (6) Bleached 

115-0 

180 0 



These figures are striking. The bleaching is accompanied by 
a very large increase of acidity, Avhich becomes greater the 
longer the time the bleaching takes. In the leaves which do 
not bleach, the fact of keeping leads to little or no increase in 
acidity. 
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7. Diaslatic Activity. — The following figures were obtained 
from a hhati conducted early in 1912 : — 


Date. 

Kind of Leaves. 

Diastatic 

activity.^ 

March 9th 

Fresh leaves 

24*8 

March lath ... < 

(a) Unbleached 
( h ) Partially bl eachecl 

2§'4 

15*5 

i 

(f) Bleached 

14*8 

March 2li5t . . | 

1 

(а) Unbleached ... .. .. j 

(б) Bleached ... 

16*7 

11*5 

March 24th ... { 

(«) Unbleached 

{b) Bleached ... [I I 

15*6 

12*4 


There i.s evidently a rapid reduction in the diastatic activity 
of the leaves during keeping under the conditions of the hhati, 
whether bleaching takes place or not. But this reduction is far 
more rapid, and goes inucli further when the bleaching is taking 
place than when this is not the case. This is perhaps what might 
be expected. The leaf is dying, though in the present case the 
proce.ss is very long, — and it is only natural that a product so 
characteristic of the living plant, and so intimately connected 
with the life processes of the leaf should be rapidly reduced 
during a process like that of bleaching. 

8. Nitrates. — The determination of nitrates in leaf during 
the process of bleaching has led to some veiy curious results, 
indicating that the process which goes on is by no niean.s always 
the same. In a hhati set in on August 5th, 191*2, the following 
figures were obtained ; — 


Date. 


Kitid of Leaves. 

Pot u!" .'■ini a 
Nitrate. 

Augu.st 5th 


: ■ ■ F,resh leaves 

.Per cent. 
1*07 

Ani^ust8th 


Unbleached 

t'm 

August 12th 


I ^ (a) Unbleached ■ 

) (6) Very slightly changed in <*o1our 
} (r) Partially bleached 
( (d) Bleached (whiter 

mu 

iw 

•96 


Fur a ileftiiltlon of what is meant those figures rklv supra, 
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Bate, 

Kind of Leaves. 

Potassium 

Nitrate. 

August 17th 

( {a) Unbleached 

j ( 6 ) Very slightly changed in colour 

7 (c) Partially bleached 
(. (d) Bleached (white)^ 

Per cent. 
•74' 
•95 
1*05 
1*05 

Augu-st 22 ncl 

f (a) Very slightly changed in colour 
) ( 6 ) Partially bleached 

J (e) Bleached (white)* 

( (c?) Bleached (yellow)* 

1-07 

B06 

1-17 

()‘04 

August25th 

( (a) Partially bleached 
\ (b) Bleached (white)* 

1 (c) Bleached (yellow)* 

0*98 

1-09 

0*20 


For a dofinition of what is meant by these figures vide supra, 

With the exception of one case, of which we will speak 
directly, the effect of the process we are discussing on the 
quantity of nitrates in the leaf seems very small indeed. The 
fresh leaves taken contained slightly more than at almost any 
subsequent stage of the process. But the difference is small, and 
one might consider that in a normal bleaching process the nitrates 
remained unaffected. 

In every bleaching proce.ss, ho\vevei-,~and more so in the 
cold weather when bleaching does not take place normally,— a few 
yellow leaves appear instead of white ones. They are looked on 
with great disfavour by the taniholis, and only command a very 
poor price in the market compared with those lighter in colour. 
We hardly suspected, however, how different was the process in 
the case of these leaves until certain variations in the amount 
of nitrate in bleached leaves called our attention to it. It was 
then found, in fact, that while the nearly white, normally bleached 
leaves contained about the same quantity of nitrates as the original 
leaves, in the yellow ones the nitrates had practically disappeared. 
Thus in the above table we have — 


Aiipjust 22 nd 


Aiiprust 25th 


j White leaves 
t Yellow leaves 
i White leaves 
t Yellow leaves 


Per cent. 

.. M7 KNOs 
0-04 KNO 3 
.. 1*09 KNOg 

.. 0*20 KNOg 


These figures led to a closer investigation of the question 
in four different hhaiis with results given in the followino- table. 


56 


CHBMISTIIY AND PHYSIOLOGY OP BBTLL-VlNE LBA\’ES. 


W e have included the examination of some so-called gajriya leaves 
or leaves stated by the tarnholis as not likelj? to bleach properly 
or at all : — 

Potassium Nitrate. 



First series. 

Second serie.s. 

! 

1 Third series. 

1 

1 Fourth series. 


[ Per cent. 

Per cent. 

Per cent. 

Per cent. 

Fresh leaves (ht forbleacliinp:) 

Fresh leaves (not tit for 

1 1-05 

0*90 

1'‘28 

1*86 

bleachini?) ... .. j 

M 7 

0 *Si i 

0*86 

1*67 

Bleached leaves, white ... ... | 

l -()6 

0‘82 

1-32 

1*23 

Bleached leaves, yellow ... ; 

11*00 

0*()6 

0*10 

0*18 


These ligures confirm, in every particular, the experiment 
first quoted. 

Such are the results obtained by following the process of 
conversion of green betel-vine leaves into the much more 
appreciated bleached leaves. In summary we may say that the 
process is accompanied — 

(1) by a very large increase in the amount of essential oil ; 

(2) by a very considerable increase in the acidity ; 

(3) by a disappearance of a large part of the starch and 

non-reducing sugars, — a disappearance which, how- 
ever, is never complete : 

(4) usually by an increase in the amount of reducing sugar ; 

(5) by no large change in the percentage of tannin ; 

(6) by no large change in the amount of nitrates in normally 

(white) bleached leaves, while the nitrates Hlmo.st 
entirely disappear in the leaves which turn yellow 
during the process ; 

(7) by a large decrease in the amount of diastase. 

Action of various Gase.s, Vapouius, etc., ox the 
Bleaching Process. 

At this stage it seemed possible that we might reach a 
better understanding of the bleaching process, and hence of the 
betel-vine leaf itself if we attempted to bleach tiie leaves in 
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presence of certain gases, or vapours, — or if they would not 
bleach, by leaving them in contact with such materials. In order 
to cany this out, a few leaves, usually five, were placed in a dish 
under a bell jar inside which the air was kept saturated with 
moisture by standing the bell jar in a dish of water. In the 
first experiments there was, in spite of all, a great tendency 
in the leaves to dry up. To avoid this, they were afterwards 
dipped in Avater before the experiment was started. 

In the first instance, the changes in appeaz’auce pro- 
duced by a number of strong re-agents were noticed for later 
guidance. The notes made regarding some of these are as 
follows 

Air and Water . — No change was apparent either in colour 
or otherwise to the end of the second day, but on the third the 
fresh green colour was fading, and giving rise to a faint yellowish 
appearance. The following day the same change was progress- 
ing and bleaching had begun. On the fifth day, the leaves were 
half bleached to a more yellow tint than is normal, while a day 
later some of the leaves were more or less bleached, while they 
had begun to dry at the edge. 

Hydrogen Gas The leaves did Jiot change in 

appearance and lustre for the first eight days. On the eighth 
day the leaves were slightly drying, but the fresh green colour 
remained. After fourteen days a alight change was seen in the 
colour. The original fresh colour was disappearing slowly, but 
beyond this the drying of the edge.s, etc., was the only notice- 
able change. A little later the leaves began to rot at the tips 
without any change in the green colour. 

CarhoH Dioxide (gnoist'^. On the second day a slight bi’own- 
ish tinge appeared along the border and tip. On the following 
day the Avhole of the leaf was bordered by a dark coloured ring, 
but the general colour of the leaf was unchanged. On the fourth 
day the dark colour was extending all over the leaf, and slight 
rotting was noticed at the ends. A day later, the whole feaf 
had become of a dirty blackish green colour, destroying all 
lustre. The leaf was distinctly rotting in places. 
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Oxygen (moist). — The change described as occurring with air 
took place, but more rapidly with oxygen. On the fifth day the 
leaves had changed to yellow — the yellow colour being specially 
prominent at the stalk-end of the leaf. The day after, the leaves 
were yellow, and had become brittle. The change which had 
taken place differed in many respects, apparently, from a normal 
bleaching. 

Chlorine Gas (moist). — Only a trace of chlorine was used, 
but the change was at once apparent. The leaves became reddish 
brown, all the green colour of the chlorophjdl disappeared. They 
became very thin, changed to a yellow colour, then to brown, 
and then to white and semi-transparent. 

Dipping in Hydrogen Peroxide Solution and then moist air . — ■ 
Two strengths of solution were used containing respectively 
three per cent, and one per cent, of Hydrogen Peroxide. With 
the stronger solution the leaves changed rapidly in colour. On 
the second day small brown spots appeared everywhere on the 
surface while the veins had turned black. A day later all the 
spots had become black. On the fourth day the spots remained 
black, and the remainder of the leaf had become a faint yellow in 
colour. 

The weaker solution had a very similar effect, but it ajipear- 
od, of course, more slowl}”. A few browni.sh spots here and 
there were seen on the third day, while on the fourth day the 
leaves were becoming yeliowi.sh in colour. On the fiftli day, 
when the observations terminated, the leaves had become more 
or less yellow, with a few brown .specks, but still retained the 
lustre of the original leaf. 

Ammonia Gas. — A very small quantity of ammonia solution 
was placed under the bell jar containing the leaves, and the effect 
noticed. On the second day, a yellowLsh tinge appeared on the 
leaves which changed gradually to brown, and on the following 
day almost the whole .surface had become brown in colour. A 
day later the brown colour had become black, and in ju.st a few 
places where this colour had not developed, the leaf had turned 
yellow, but it was in no sense a normal bleaching. 
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Formic Acid Vapour. — -A. small quantity of Formic Acid 
solution was placed under the bell jar. 

On the second day big brown and dirty looking patches were 
seen on the surface of the leaves, while a day later these had 
extended, and occupied nearly the whole of the surface. On 
the fouith day, the leaf tips had become black, and the leaves 
had lost all lustre. The part which had not turned black or 
brown (a A^ery small amount) was turning to a dirty yellow 
colour. 

Acetic Acid Vapour . — This was used in the same way as 
Formic Acid vapour. 


In this case the action was very rapid. After four hours 
the leaf had developed brown spots all over, and by the second 
day these had become brown, changing to black, — while almost all 
, the surface was covered. On the third day, the leaf had lost all 

£ lustre and stiffness, looked as if scorched, and was rapidly turnino- 

.* black. 

I It was at once evident that the effect of some of these 

] I’eagents was tojiill the leaf at once, and the appearances which 

followed were simply the result of that death of the tissues. 
Moreover, it is evident that the effect of hydrogen v\'as to prevent 
;; bleaching taking place. It appears in every degree probable that 

reducing agents, or even gases whose presence tends to prevent 
oxidation, tend to delay or hinder the process. 

,( Further experiments w'ere therefore made wdth a limited 

number of reagents as follows : — 

(1) Air and water vapour only. 

(2) Carbon Dioxide and w".ater vapoui'. 

(3) Oxygen and water vapour. 

(4) Trace of Ammonia and water vapour. 

(5) Trace of Formic Acid vapour and water vapour. 

(6) Leaves dipped in 1 per cent. Hydrogen Peroxide solution 
and then kept with air and water vapour. 

Several experiments were carried out, but the results obtain- 
’ sd were so similai' that to quote details of one experiment is to 

;; quote all. In this one case, the leaves were exposed to these 
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reagents on 14th June 1912, and the experiment lasted eight 
days. The daily temperatures at 1 p.m. were as follows ;— 


June 14 th 

... 

... 29° C. 

„ 16th 

* • • 

... .30° C. 

,, 17th 

. . . 

... 30° C. 

„ 18th 

. . . 

... 28° C. 

„ 19 th 

• • . 

... 29° C. 

„ 20 th 

. . . 

... 27° C. 

, , 21st 

. . • 

... 27° C. 


The appearances were as follows : — 

An' and Water No change occurred for three days 

when the green colour of the fresh leaf seemed to be beginning to 
fade. A day later this was marked, aiid there was a yellowish 
tinge all over the leaves which seemed to be proceeding as 
in an ordinary bleaching operation. On the sixth day this 
change continued, and the loss of the green colour appeared 
tjuite regular, while by the following day some leaves were 
nearl}" bleached. A day later rotting had set in, and the 
operation was closed 

Carlton Dio.vide and Water Vapoar . — After two days 
little effect was visible except a very slight brownish tinge 
at the boi’dcrs of the leaves, which was very rnarhed two days 
later. At the same time the original green tint had become 
much darker in the leaves. Shortly afterwards tlie brownish 
tinge gi'adually extended to the remainder of the leaves, and 
!.)y the seventh day rotting was visible at the ends of the leaf 
gradually extending to the middle by the eighth day. 

O.rjjtjrn and Water Vapour . — On the fourth day bleaching 
became marked, and spread rapidly, commencing at the stalk 
end. This continued more rapidly than in the leaves expo.^ed 
to aii‘, and no rotting occurred til! the seventh day, when om* 
leaf showed signs of rotting from the stalk end. When the 
leaves were taken away on the eighth day, all had changetl to 
yellowish white though not coinpletel 3 ’, but were rather brittle, 
and in this respect differed from ordinary well-bleached leaves. 
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Trace of Ammonia and Water Vaponr.—Mt&v one claj^ the 
leaf was noticed to be turning black at certain points, while .small 
patches of brownish yellow colour appeared. Two days later, 
dirty black spots were seen all over. Some leaves had become 
blackish. The part not .spotted or tuimed blackish seemed to be 
bleaching normally, and on the sixth day, was changing in 
colour to yellow. The colour was, however, an objectionable 
yellow, developing from the stalk end. All lustre was lost. 
No further change took place except the gradual rotting of 
the blackened and spotted part. 

Trace of Formic Acid Vapour and Water Vapour . — On 
the second day, a brownish colour began to appear in large and 
small patches, which were, however, not by any means uniform. 
This rapidly extended all over the surface of the leaves, which 
turned a dirty blackish colour, with complete loss of lustre. 
Rotting rapidly set in, and mould began to grow on the leaves. 

Dipping in 1 joer cent. Hydrogen Peroxide, and then Iceeping 
until Air and Water Vapour . — No change occurred till the fourth 
day, when very small brown patches were seen on some parts of 
the leave.s, while the original green colour was slowly fadino- 
over the remainder. The same condition persisted and pro- 
gressed. Finally after eight days leaves faij-ly well bleached 
were obtained spotted over, in many parts, however, with black 
spots. The resulting leaves were very brittle. 

Ina.smuch as the increa,se in the essential oil seems to be 
the most important chemical change taking place during a 
normal bleaching, determinations were made of this constituent 
under the various treatments in special lots set on for this 
purpose. The results are .shown in the following table :— 

Essential Oil IN Dry Leap. 



Moist 

Air. 

T-' 

Carbon 

1 Dioxide, 

! 

Oxygen. 

Trace of 
Ammonia. 

Trace of 
Formic 
Acid. 

Dipped in 
Hydrogen 
Peroxide. 

After 24 hours 

After 4 days 

After 5 days 

After 6 days 

1 Per cent. 

! 1*5 

2*7 

tvi 

2-8 

Per cent. 
1*0 

21 

Per cent. 
13 

3*9 

3*4 

Per cent. 
0-3 

0*7 

Per cent. 

■ 2*8 

Per cent. 

■"'■."'■27 . ... 
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The.se fiofures show a gradual increase in the essential oil in 
moist air. It never reaches the proportion produced under the 
conditions of an ordinarj^ hhati, but is in the same direction. 
With oxvsren there is the .same increa.se in the essential oil, whicli 
indeed reaches higher proportions than with air. Before the 
operations were stopped, however, the essential oil seemed to be 
aofain decreasing in amount. 

O O 

With Carbon Dioxide, the increase in essential oil seems to 
he verj’ much less. 

The presence of a trace of Ammonia leads to the almost com- 
plete destruction of the es.sential oil. A trace of Formic Acid, 
on the other hand, does not seem to afteet thiss, and the amount 
produced after four daj’s is similar to that produced under the 
ordinary conditions with air. 

Dipping in dilute Hydrogen Peroxide does not seem to have 
affected the development of es,sential oil. 

As a whole, as a result of these experiments, it is evident 
that the process which take.s place during bleaching is one 
of oxidation. Anything which prevents o.xidation, prevents 
bleaching and prevents the development of essential oil. 
^Moreover slight acidity is a necessary condition : the slightest 
trace of alkalinitj' (as with Ammonia \'apour) leads to the 
almost complete destruction of the essential oil and of the 
leaf. 

Such are the results which we have obtained .so far. As 
regards the commercial bleaching of the betel-vine we have shown 
how it is carried out, the conditions under which it i.s most .sue- 
ce.s.sful, and in some measure the chemical changes by which it i.s 
accompanied. It remains to clear up more completely the nature 
of these change.s, to examine more closely the manner in which 
the essential oil varies during the proce.ss, and to ascertain 
whether it is a change in kind as well as in quantity, and to in- 
vestigate more clo.sely the differences between leave.s bleaching in 
different ways. Finallj’’ it is necessary to make further experi- 
ments to see whether the process can be expedited in any way 
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without loss in quantity in the final product, and so whether the 
present cumbrous and wasteful process cannot be modified so as 
to make it quicker, cleaner, and more satisfactory, leading to less 
loss of leaf thi’ough ordinary rotting and decay. We are actively 
continuing the work in these directions. 


; 
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THE GASES OF SWAMP ETCB SOILS: 

THEIR COMPOSITION AND RELATIONSHIP TO THE CROP, 

BY 

W. H. HARRISON, M. Sc., 

GoDernnient Agrieultuml Chemist, Madras ; 

AND 

P. A. SUBRAMANIA'AIYER, B.A., 

Assistant to the Government Agricultural Chemist, 

INTKODUCTORY. 

Iebigated paddy or rice in South India is generally grown under 
sw-amp conditions throughout the growing season and in a puddled 
soil,^ i.e., ploughed or levelled in water, but no general system of 
cultivation holds good, nor can it be said that what is found to be 
successful in one place will answer in another. On the South 
Malabar Coast, it is the general practice to plough the lands in the 
dry season with excellent results, but this same custom introduced 

into other districts has led to failure. Paddies which flourish in 

one delta or district often do not do so well when transferred to ' 

another place where the conditions are apparently of a similar 
character, ^reen-manuring is found to answer perfectly well in 
one area, but when tried in another area the crop fails. In one dis- 
trict the water may be run on to fields and the latter puddled and 
rnanured weeks before the crop is planted, but in other districts, 
the custom is to put in the green-manure just before the time of trans- 
planting. These and the many other mutually opposed facts 
which can be quoted, make it essential that the conditions governing 
the growth of paddy should be closely studied in order to obtain, 
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if possible, some commou basis capable of explaining them before 
material improvement can be made in paddy cultivation 

On considering the problem in all its general aspects, it nas 
felt that a study of the soil gases formed the most promising e ( 
of onqnirv, and the results obtained, as well as some rom 
closely connected investigations, are detailed m the follovnng pa„ 
Before proceeding to a consideration of the in\es iga ion, < 
brief description of the cultural conditions of Swamp Baddy Sol s 
in South India will make cleat the peculiar conditions under which 
the crop is grown and also clearly dematk the scope of the enquiiy 

and the application of the results. unroftirl 

. In general these soils are allowed to lie m an uncu tnatec 

condition during the hot season, during which period they dry to c 
considerable extent and, owing to their very heav} diaiac^ei, 
considerably and wide cracks are formed reaching cmt n o a _ 
of from two to three feet. This deep cracking o le s ^ 
to complete aeration, and no doubt nitrification pi oceec s ^ 

this time. On the South Malabar Coast, however, the land is sy^- 
tematicallv worked over during the dry season. As soon aswatei 
is available seed-beds are formed where the paddy germinates and 
crows until the time of transplanting anives. Some time befoie 
?ransplantiug water is admitted to the. fields, which are then 
thormmhlv ploughed and puddled, and the heavy crop of weeds 
former o; the dry soil is worked in. In addition, whorevm' 
nva liable, large quantities of green-leaf manure are thmoug s } 
incorporated with the soil by the trampling of cattle or coolies. ^ 
The amount of green-manure used varie.s with it.s availabih y 
and cost, but often the cultivators will scour the dry land^for mi es 
around to obtain it, and the use of as mnch as 4,000-5,000 lbs. 
per acre is quite common. In the deltas green-leaf manure is very 
scarce, and its use is not so common, but even there the seec - m s 
are lioavilv manured. In the Kistna Delta it is a common practice 
to sow sunn-hemp {Crotalarm juncm) just before harvesting the 
paddy and the resultant crop is used as fodder, but tlu‘ straw and 
i.‘oots arc ploughed into the soil. 


i'**' 
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1-n surplus water is allowed 

drain off and the seedlings are transplanted. After transplant- 
ing wherever the conditions permit, water is not allowed to Lnd 
n the fields until the seedlings are established, but care is taken to 
keep the moisture conditions such that no cracking or shrinking 
of the soil takes place. When the seedlings are esteblished wate? 
IS admitted m- quantity and the whole of the fields are kept mid^ 
waer t roi^ghout the rest of the growing season, but, if possible 

The mam ieaturee then, of paddy cultivation in South India arc ■ 
(I) the mamtcnance of swamp conditions by the use of laree quanti- 
ses of water and by puddling the soil and so decreasing the Itural 
drainage ; (2) the use of large quantities of green-manures. It is 
obvious that under these oireumstances the soil conditions must be 
quite dianmilar to those obtaining in diy soils and that the course 
of the decomposition of the manure and the nutrition of the plant 
must also be very different. ^ 





PART I. 


The GtAses oe the Soil, theie Composition and Relationship 
TO the Geowth op the Ceop. 

The variations vn the composition of the Soil gases. 

On forcmg a stick into the soil of paddy fields or on disturbing 
it in any otlier manner, bubbles of gas are given off wMcb are easily 
collected and wbich on analyses are invariably found to consist 
mainly of Methane and Nitrogen. The proportion these gases bear 
to one another varies greatly, the Methane from about 15 to 75 per 
cent, of the total and the Nitrogen from about 10 to 95 per cent. 
In addition, Carbon-dioxide is generally present together with 
small amounts of Oxygen and Hydrogen. Other gases were tested 
for at intervals, but only those mentioned above have been detected. 
The amount of Carbon-dioxide present is, on the average, about 5 
per cent., but this value, may fall as low as 1 per cent, and rise as 
high as 20 per cent. The amount of Oxygen is usually only a trace, 
but values as high as 5 per cent, have occasionally been met with. 
Hydrogen is generally absent but as much as 10 per cent, has been 
recorded in uncropped plots. 

Early in the course of the investigation, it was noticed that in 
cropped fields the proportion of Methane was generally low, whereas, 
in uuci'opped fields this gas greatly predominated and, consefpieiitly, 
the variations in the composition of tjie gas were particularly 
studied. To this end, a particular field was chosen and the gases 
were collected and analysed at intervals from the time of puddling 
in the green-manure to the time when the land was drained for 
ripening. 

Several different methods of collecting the ga.s weie tried, but 
the one found to answer best was to walk slowly across a field 
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holding the apparatus figured in Plate I SO that the funnel was 
always under the water. This apparatus consists merely of a large 
gas tube with a glass stop-cock at either end. The upper one is 
connected by means of a rubber tube to the collecting funnel, and 
to the lower one a piece of rubber tube is attached so as to permit 
of the water in the apparatus discharging below the surface of the 
water m the field. The whole is filled with water and that portion 
of the escaping gas collected d)y the funnel is conveyed to the gas 
tube, where it is easily isolated. The gases were collected by 
walking slowly across a field and holding the apparatus over the 
places of disturbance. This method of collection had the advantages, 

(1) that an average sample of the whole field was easily made and, 

(2) an approximate measure of the relative amounts of gas in the 
soil of different fields was obtained. The gas collected was conveyed 
to the laboratory and analysed at once. Several types of gas- 
analysis apparatus were used, but the one found most suitable was 
a modified form of Adeney’s apparatus. 

For the esthnation of the Methane and Hydrogen, the method 
of exploding with Oxygen was mainly rehed upon but the results 
were often checked by the method of combustion in a capillary 
platinum tube, especially when the proportion of Methane was low. 

The results obtained during the year 1909 are tabulated 
below ; — 

Table 1. 

Shou’ing the conifosition of the gases from a cro^^fed and manured 


field during the year 1909. 


■’Date. 

% 

OB, 

0 

/o 

N 

O..' 

/O 

CO, 

o 

/O 

0 

o/ . 

/o 

H 

August 2nd, 1900 

73-8 

10*0 

14*0 

’7 

Nil 

„ 0th „ 

54*2 

30*1 

9*7 

Nil 

s» 

10th „ 

07*4 

21*4 

11*2 

Trace. 


„ 24th „ 

73-4 

10*2 

10*4 


■'A"'''' 

Heptember Lsb ,, 

1 71*2 ■ 

24*1 

■ 4*5 

*2 

' '■ "" 

.■ 18 tl:r ■■..'■ 

64-3 ! 

26*5 

9-0 

•2 

■ ■■ "■ 

October oth, 

21*0 

72*9 ' 

5*0 

*5 

' ■ 

„ 20th „ 

21*4 

07*7 

10*7 

•2 

' ' -.s '''■ 

November 17 th ,, 

23*9 

08*8 

4*5 

2*8 
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In this year, green-manure to the extent of 4,000 lbs to the 
am vvas ploughed in on July 27th, but the transplanting did not 
take place until September 7th, and during the whole of this period 
m percentage of Nitrogen remained low and that of 31ethane high. 

wlln r cha,.ge in the oak- 

low ... f . the Nitrogen, instead of being 

,s onmiy, now predominated and continued so as Iona as 
It was possible to obtain samples of gas. ° 

was fTeaS' ‘T "* ™1',“ ^ the volume of gas in the soil 

the ums'em ' f”"'* «ppeared as if 

■ind nmmr !' T** Nitrogen of the soil 

inmor a d f ‘''--'thane. Anotli.r 

mpmtant feature was that the soil conditions are anau-obic so long 

of nop appeared to deternime the composition of the soil gases 

in IhlT**™'' nr , ‘'”““■■■1“™''-" the experiment was repeated 
WIO on a dillerent field with a different type of paddr-. and the 

result was strictly parallel to the former eaXiieriment. 

Table 11. 

MoteiVy rte eoniposiY™ o/ II, e Soil g„ses « „ croppe,/ „„d ,„o,u„c,l 


Date, 



j - 
1 


t» 




1 fH, 

X 

r ' 11 

: Cth‘. 

August Uth, .I9i0 



f '■ 1*1- ■ 

i J -0 



12th „ 



bb‘2 

2tl1t 

llHh „ 



71 *3 

j 

■1 12 -2 

1 0*5 

2tilh 


. . 

'■ 27 i 

Vrn 

fill her 2n(i ,, 



i o;m 
: 08 ‘5 

’ 22 It 

4*4 

mh „ 


> * ■ 

2i’H 


imh 



■j>8i 

:s(;-K , 

5‘l 

UctolK-r ist ,, 



»>7 *4 

25 it « 

0*7' 

iith 



i :i:p4 1 

, 18*5 1 

: 02 'H 

2* I 

14th ,, 



78i i 

2*2 

1. 2lHt ,, 




70-2 1 

5*0 

Xovfiabcr 5th 

.. nth 



. i<’2t ! 

21-0 j 

7011 ; 

7 1 '2 ! 

5*0 

51i 

OeceinbtT 5rd , 


■ 1 

18 ’4 I 

p*0 j 

rrl 

» 10th „ 



21*9 1 

Cki.’ti I 

2‘t> 

- :■ ■ . . 1 / th , ■ 



24*0 ! 

00*2 { 

2*9 

,, 24th „ 

■ ’, *■ ■■ 

• * i 

2t)%*i 

28*0 

00*2 ' 

2-4 



i 

59*4 

2*0 


Ml 


TiMr 


'.rnu' 


H 


A'/7. 


•I 


'Irai 

ML 

Trmv. 

Xil. 


77, 

VH 



trail splantiiij 








llAREtSON AND StJBRAMANIA AltER. 


71 



This field was manured and puddled on August 3rd, and trans- 
planting took place on August 18th. Here, again, the Methane 
predominates until the latter part of September, about 5 weeks after 
transplanting, but from then onwards the Nitrogen predominates. 

The values for the percentages of Nitrogen and Methane ob- 
tained in these two experiments are plotted out in Charts Nos. 1 and 
*2, the dates in both cases being referred to the date of transplanting 
so that the curves are comparable. These curves show clearly the 
change in the composition of the gas about thirty days after the 
date of transplanting, but in order to make this point absolutely 
certain, the follo^ving experiment was carried out in 1911. 

A small field was taken which had been under paddy cultiva- 
tion fur many years, and which in its known liistory had received 
no manure. Such a field has a very uniform texture and composi- 
tion and is very well suited to experimental work on paddy. The 
field was divided into four pilots by means of small earthen banks 
(bunds) and two of these plots were manured with greeri-manure 
to the extent of 8,000 lbs. per acre. The other two received no 
manure. Of the manured plots, one was cropped and one left un- 
cropped and the gases from each were collected and compared. In 
the same way one of the unmanured plots was cropped and the other 
left uncropped. The gases were collected from all the plots on the 
same days and the results clearly show the influence of the crop on 
their composition. The manured plots will be considered first. 

Table HI. 


Hhowimj compos ition of gases frotri the wmropped manured plot. 


wmmmammmmm 



■W: 

O' 

0/ 

0/ 

0/ 


JJato. 


/<> 

CH4* 

. 0 

N .. 


" ' / 0 " ' 

0 

H 


lili, 1(111 


58*0 

25 *(i 

1*7 

2*2 

1*9 



G 51 ) 

. 24 * 2 ' 

2*1 

Nil. 

8*7 




04-4 

20*1 

2*0 

i-o 

11-5 

‘.Hh „ 

• * , • 

() 2'2 

28*1 

2*4 ■ 

Nil. 

7*2 

4 IS 

It'dh 


i > 2-7 

24*9 

2*8 

i*l 

8*5 


■r "Jsui 


() 9‘4 

17*0 

4*0 

I *8 

8*8 

1 ■*: 

'.H It 


(> 5*0 . 

22*8 

2*1 

‘8 

7*2 

t H 

211 h 


; 

22 *(> 

2*7 

Nil. 

5*1 




I 57*2 

25*9 

2*0 


4-2 

X « < t » ' 1 1 

I lu ! h 


52-4 

55 ’4 

29*9 

35*2 

1*8 

1*0 

*2 

4*0 

7*4 
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Table IV. 


Sho'iving the composition of gases from cropped and mmmred plot. 



i 

i O.' 

! /O 

■ N 

O;'" ^ 

/O 

CO. 

O,' 

/O 

0 

0 

,'"'0 

H 

August 1.2tii, 1911 


. . i 64*4 

33 0 

1*4 

1 *2 

m.' 

26th „ 


. , ! 64*8 

24*5 

2*5 

•8 

■. :7*4 

zSeptember 2ncl „ 


. . 1 66*1 

15*8 

4*9 

1*9 

11*3 

„ 9th „ 


. . I 64*5 

21*4 

4*1 

Nil 

10*0 

„ 1 ()th 


. . ^ 52*1 

35’5 1 

3*3 

1*2 ; 

7*9 

October 2iid 


. . : 39*7 

51 *6 

6*6 

*8 ; 

1*3 

„ 9th 


.. I 21*0 

73*7 

4*5 

•8 ^ 

Nil. 

„ 24tii 


. . i 18*2 

74*7 1 

5*7 

Nil \ 

1*7 

„ 31st „ 

jMoverubei* 6th 


.. ! 16*6 

78*8 ! 

4-4 

*2 ^ 

Nil. 


. . i 19*5 

75*2 

4*9 

*4 


„ 13th „ 


. . 1 20*4 

72*8 ; 

4*9 

.*> 

1*6 


In these experiments, green-manure to the extent of 8,000 lbs. 
per acre was puddled in on July 27th, and the fields were again 
puddled on July 31st and water let in. They were allowed to 
remain in this condition until August 15th, when the paddy was 
transplanted. Other than the presence or absence of a crop the 
two plots were identical in every way and had similar treatment. 

A comparison of the results shown in Tables III and IV brings 
out very clearly the effect of the crop on the composition of the 
gases, but this is made more apparent in the diagrams on (.'harts Xos 
3 and 4 where the percentages of Nitrogen and ilethane in the gases 
are plotted in the form of curves. Throughout the whole of the 
period the percentage of Methane izi the gas from the ancropped 
plot was always high and the Nitrogen correspondingly low. whereas 
in the gas from the cropped plot the usual chazige in composirion 
took place about thirty days after the time of tz’ansjzlanting. 

The proportion of Methane falls and that of Nitrogeti ji.ses until 
within six weeks from transplanting their foi-mer proportions have 
been entirely reversed. Another point demanding attention is 
the behaviour of the crop towards the Hydrogen content of the yases. 
From the uncropped plot throughout the whole [leriod, an<l also 
from the cropped plot zip to the time of the change in composirion 
taking place, the gases contained comparatively large iirojiortions 
of Hydrogen ; whereas, after tlze crop has become fully established 
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and in strong growth, practically no Hydrogen is present. Thus, 
besides affecting the relative proportion of Nitrogen and Methane' 
the crop practically determines the presence or absence of Hydrogen 
in the soil gases. 

The corresponding results for the unmaniired plots are given 
in the following tables : — 


Table V. 

Showing the conifosition of the gas derived from the tmcropfed and 

unmanured plots. 


Date. 

O' 

, o 
CB 4 

0 

/O 

N 

O' 

.0 

CO., 

% 

0 

O' 

/o 

H 

August :i2th, 19.11 

.. 26th ,, 

September 2 nd ,, 

9th „ 

.. 16th „ 

October 2ud „ 

9th „ 

»» 24th 

„ 31st ,, 

November 6 th ,, 

13 th „ 

48-4 

31*5 

57*2 

52*4 

34*5 

33*7 

27*3 

38*5 

26*4 

34*4 

32*5 

i 

42*1 

61*4 

39*9 

43*0 

62*7 

60*9 

62 d 
56*1 
66*4 
60-() 
59*2 

1*6 

1*4 

2*9 

3*9 

2*1 

2*4 

5*1 

2*7 

2*6 

2*3 

3*6 

1*6 

5*7 

Nil 

*7 

3*0 

3*4 

Nil 

•3 

•3 

Nil 

6*3 

Nil 

. ■ 

2*1 

, ■ 2*7 ' 
4*3 

2*4 
' 4*7 : 


Table VI. 

Showing the composition of the gas derived from the cropped and 

unmanured plot. 


Date. 

0 / 

/O 

0 

.0 

O’’ 

0 

, 0 /-' 

0 ,/ 


OH 4 

N 

CO, 

0 

H : 

August 12th, 1911 

26th „ ;; ■ 

September 2 nd ,, 

38*7 

■ Nil 

58 *2 

Practical 

^ 6*8 

1*3 

ly no gas. 

1*2 

•6 

9th 

16th ,, ;; ;; 

October 2nd 

9th „ 

. ^ ■ 24th „ 

■ - 31st „ ;; ■ 

November 6 th 

13th 

53*8 
5D6 
28*3 
■ ■ 27*2 
12*2 
17*2 
20*7 

43-1 

41*9 

68*3 

1 67*6 
81*5 
77*5 
73*2 

0 ^ 

2*3 

2*0 
■ 3*2 
‘ 3*7 

5*9 

4*6 

4*5 

Nil 

1*4 ■ 

. *2 ■ 
*6 
*4 
•7 

Nil 

Nil 

•8 

3d 

NU " 

•9 

Nil ■ 

1*6 


19*2 

77*5 

3*1 

*2 ' 

■■ Nil . 


In the case of the unmanured plots, it is at once evident that 
the changes in the composition of the gases are not so marked as 
m the case of the manured plots, and neither can so much reliance 


I 

I 


i 


I 


* 
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be placed on the accuracy of the data obtained in the early stage of the 
experiment, for, the gas production was exceedingly small and 
samples sufficient for analysis could only be obtained with great 
difficulty. Further, in many of the earher samj)les the gas obtained 
was obviously present in isolated pockets in the soil, and they could 
not be looked upon as forming a representative average of the gas 
present in the plots. Later, as more and more gas accumulated in 
the soil, representative samples could be obtained and the results in 
consequence were more reliable. Notwithstanding this, the curves 
given in Charts Nos. 5 and 6 show that once the crop was thoroughly 
established small differences in the composition of the gases, anal- 
ogous to those of manured soils, were present. Thus, in the gas 
from the uncropped plot, Hydrogen is present in appreciable quan- 
tity, but it is practically absent from the gases from the cropped 
plot. Again after September lOtli, the proportion of Methane is 
lower and that of Nitrogen higher in the gas from the cropped plot 
than from the uncropped plot. Consequently, these results may 
be taken as confirming in part the results obtained from the previous 
experiment, especially when it is remembered that in these unman- 
ured jilots no fresh organic matter was added to the soil. The 
only ojganic matter present was that constituting the Inimus of the 
soil and, this being the residue left from the fermentations of previous 
years, w-oidd be only comparatively slowly attackeil. The main 
fact made clear, however, is that the cinp mainly affects the com- 
position of the gases produced from the decomposition of the manure 
and has little effect on the composition of the gases evolved from the 
soil organic matter. 

A consideration of the foregoing results leads to the conclusions 
(1) that the gaseous products of the decomposition of organic matter 
in swamp paddy soils consist chiefly of Methane and a smaller 
proportion of Nitrogen together with some Carbon-dioxide ami 
Hydrogen ; (2) that the introduction of a crop into the soil materially 
affects the course of the fermentation and results in the production 
of a gas with a low proportion of Methane, a high one of Nitrogen, 
and a practically complete inhibition of Hydrogen formation. 
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The quanUty of gas evolved from cropped and uncropped fields. 

Befoie it is possible to determine tire true meaning of the 
change in composition, it is necessary to obtain relative measurements 
of the gas production in cropped and uncropped soils. For if less 
gas IS produced in cropped land than in uncropped land, then the 
production of Methane is being interfered with and possibly that 
of Nitrogen also. On the other hand, if the gas production is 
greater m the cropped field, then, under the influence of the crop. 
Nitrogen is certainly being evolved. Again, if it is assumed that the’ 
volume of Methane evolved is the same in both cases, the effect of 
the crop IS to bring about a great disengagement of Nitrogen, 
whereas, if the volume of Nitrogen is assumed to be the same, the 
crop prevents the formation of Methane. From whatever stand- 
point the analytical data are considered, there can be no doubt of 
the close relationship of the crop with the course of the soil fer- 
mentations and the necessity of obtaining some quantitative data 
invX2 “^POi'^ance to a proper understanding of the changes 

Unfortunately, this is not so simple a matter as it would appear. 
Ihe obvious method is to support large funnels over the surface of the 
soil and to measure and analyse the evolved gases at intervals. 
When this IS done, none of the soil gases are collected but, histead, 
there appears a gas consisting of entirely Oxygen and Nitrogen, 
and the volume collected is so great that its main source is obviously 
from the air or surface water. Under these circumstances, the direct 
collection of the soil gases by means of inverted funnels fails and 
recourse must be had, at least in the field, to indirect methods of 
measurement. This evolution of Oxygen was traced to a film of 
organized growth spread over the surface of the soil audits relation- 
ship to the growth of the plant is considered in the second part of the 
Memoir. 

Ihe usual method employed in these experiments for the col- 
lection of the soil gases is capable of giving approximately relative 
values for the amount of gas accumulated within the soil. On 
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walking tlirougk a field the gas is disturbed and escapes and the 
amount escaping in a given length will be proportionate to the amount 
of gas in the soil. Consequently, if the same collecting apparatus is 
carried the same distance through two fields, the amount collected 
will be in proportion to the amount of gas in the soils and a relative 
measurement is obtained. 

Applying this method to the cropped and uncropped manured 
plots previously referred to, the following results are arrived at 

Table VII 


Slioiving the relative amounts of gas collected in traversing the same 
distance in cropped and umropped plots. 


Date. 

i ce. from cropped field 

! Ratio - 


' ec. from uneropped field. 

October 9th, 1911 . i 

i 

1 3/2 • 

„ 24th . 1 

1 11/iO 

3/4 

„ Slst ,, . 1 

November 13th ,, . i 

1 

(io 


On the whole these results indicate that the accumulation 
of gas in ci-opped land is slightly greater than in uncropped soil. 
Such rough experiments as these can only be approximate, and it is un- 
wise to draw stringent conclusions from the}n with reference to 
the numerical relationship of the volume of gas present in the soil. 
They can, however, be taken as indications, and justify the con- 
clusion that there is no evidence to show that there is less gas 
present in tlie cropped plot ; on the other hand, the quantities 
approximate to equality. 

The.se conclusions apply only to the gases accumulated in the 
soil but, considering the type and intemsity of the fermentation 
taking place, there must be large quantities of gas escaping through 
the surface, and the total volume of gas produced, may, in reality, 
be very dissimilar. The escaping gases are ma,sked and ])rol>ably 
profouiully modified in composition through the inHuencc' of the 
surface film previously referred to, and certainly under field condi- 



tions no Methane or Carbon-dioxide was detected in the escaping 
gas. It was found by experiments in pots that this surface film 
could be prevented from forming by the use of a solution of copper 
sulphate of the strength of 1 : 250,000, and that when this was done 
the soil gases passed through the surface of the soil and could 
be collected and analysed. The strength of copper sulphate used 
had no detrimental effect on the growth of the crop, and 
accordingly a series of j)ot culture experiments were laid down, 
with the object of measuring the rates of evolution of the gases in 
cropped and uncropped pots and also of studying the effect of 
the crop on the composition of the gas. 

The pots used were 18 inches deep and 14 inches diameter and 
had a layer of sand on the bottom 6 inches in thickness. Above 
this was placed a layer of soil weighing 40 kilos, to which was 
added green-manure at the rate of 6,000 lbs. per acre A 
large inverted funnel 12 inches diameter and with the ’ exit 
closed with a glass stop-cock was supported by small teak- 

I / I blocks above the soil 

« I n so that there was a space of 

||l^' half an inch between the rim 

1 1 of the funnel and the soil. 

R j| The seedlings were arranged 

y I y hi the space between the fun- 

|| If the pot, and a depth 

] ( % of water was always main- 

jf || tainedin the pot, sufficient 

1 to prevent air entering the 

. funnel. The whole arrange- 

1 " Y"" ment is sketched below. 

.'^1 No drainage was arranged 

„ for in these experiments as it 

■ 'y',’, thought advisable to eli- 

fflinate any conditions which 

might permit of the copper 
sulphate entering the soil and so interfering with the course of the 
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fermentation. In addition, parallel series of unmaniired pots 
were instituted in order to obtain comparisons. 

The main difficulty experienced was in preventing the evolu- 
tion of Oxygen and Nitrogen from traces of the surface film and in 
fact it cannot be said that this was successfully done with reference 
to any one pot throughout the whole course of the experiment. 
When, however. Oxygen was found to be evolved by a pot the ad- 
dition of copper sulphate at once stopped its further evolution and, 
as the duplicate pots rarely evolved Oxygen at the same time, 
it is possible to trace with fair accuracy the rate of evolution of the 
soil gases. 

The gas evolved consisted mainly of Nitrogen with varying 
amounts of Methane and, for the purposes of comparison, it wdll be 
best to consider the latter first, as the contamination arising from 
the gases evolved from the undestroyed traces of the surface film 
does not materially aflect the results. 

The results obtained are tabulated below, and are given up to 
the date when the grains were fully developed and when the soil 
would be drained for ripening in the ordinary course of events. 

Table VIII. 


Showing the Methane production in c.c. from eroppcd and nncropped 

■manured pots. 


; Propped pots. 

UNCRfil^PEB 'POTS. . 

: I’ot 1. Pr.t 2. I 'I’otal. 

Pot 3. 

1 i 

1 Ff>t 4, 1 'rtital. 

1 8th to li^th Jannarv 

\ 1013 . *. «*<) 1-5 0-5 

First ilBth to :hHii Jamuu’y 

period, i liHO . . h‘0 ; 2*1 0*0 

l:U>ih danuary to 12th . 

i February *1013 . 4*4 : . 0‘0 

Nil. 

2*0 

4*0 1 

4*2 ' 4‘2 

S-4 UrU 

H'b 12Ti 

Total , 10 '3 ■ B*2 : 2T‘d 

h'o ! 

21*2 2T*T 


Heediitig into Crojiped Pot on Feimiary LIUi imd tJu* euJltTdion (»f 

reconijweneed Febniary 24th, 
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Cropped pots. 

Unoroppei 

^ pots. 


Date. 









Pot 1. 

Pot 2. 

Total. 

Pot .■!. 

Pot 4. 

Total. 


/'24th February to 7bh 

Nil 

Nil 

Nil 

8*0 

S*7 

17 '2 


March 191S . 







7th to Ihth March 




Nil 

10 ‘7 

10*7 


1913 






(Sooond ^ 

pM’iOfl. 

19th to 29th March 
1913. 


? 9 


12*9 

13*4 

20*0 


29th March to 9th 




^ 4‘5 

lOT) 

15*0 


April 1913 . 







^9th to 21st April 1913 



9 9 

4*7 

9*0 

13*7 


Total 

Nil 1 

Nil 

Nil 

30*3 

52*3 

S2*(> 


The seedlings were not transplanted until February 13 th, 
but before this date the gases were collected from all the pots and 
in every case Methane was evolved showing that the fermentation 
was established. After transplanting, Methane continued to be 


evolved from the uncropped pots, but none was obtained from the 
cropped ones. This is in entire agreement with the variations 


in the composition of the soil gases in the field experiments and it is 
evident that the crop prevents, in some way or other, the normal 
production of Methane. 


During the same period the Methane evolution from the un- 
manured pots was very small, the uncropped pots only giving \ of 
the volume of the gas evolved from the corresponding manured 
pots, and at the same time practically no difference could be detected 
in the evolution from cropped and uncropped unmanured pots. 
This is in general agreement with the results from the unmanured 
experimental plots, and it is therefore evident that the Methane 
evolved from paddy soils is mainly derived from the green-manure 
and the effect of the crop in altering the composition of the soil gases 
would, therefore, appear to be due to its relationship to the course 
of the decomposition of the green-manure. Further, the action of 
the crop during the growing season is to diminish considerably 
the production of Methane and Hydrogen. 
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With regard to the Nitrogen evolution from these pots the 
results clearly shoiv that much less Nitrogen is evolved from cropped 
than uncropped pots ; — 


Table IX. 


Showing the total evolution of Nitrogen in c.c. from cropped and 
uncropped pots from the time of transplanting up to the time of 
heading {Fehruary 2Uh to April 2lst, 1913). 


Manured. 

i 

■ Un manured. 

Cropped pots ...... 

. i 220 i 

1 1 

212 

Uncropped pots ...... 

. : 453 

■ 471 

Percentage decrease due to crop 

51 % 

55«'o 


These results are surprising in many ways. There can, of 
course, be no doubt as to the effect of the crop in reducing the 
Cj[uantity evolved, but the large production of gas compared to the 
volume of Methane evolved, and the similarity of the results between 
the manured and unmanured pots, point strongly to the conclusion 
that a large proportion of this Nitrogen is not derived from the soil 
gases. 

That its evolution is not due to the action of the surface film 
is shown on page 95, where the action of copper sulpha te in inhibiting 
the effect of the film is shown, and further support to this view is gi\'eu 
by the fact that a manured pot treated Avith copper sulphate only 
gave off 105 c.c. of Nitrogen, whereas, a similar luiti'eated pot 
yielded 445 c.c. from February 24th to April 21st. 

Thus, it would appear that there is a surfacr* evolution of 
nitrogen, unconnected Avith the soil fermentation oi- the surface 
film, due to some undiscovered cause w!ii<di is afi'ected !>y the 
growdh of the crop. This being the case, these j)ot e.xpeinmeiits 
have failed to gWe any indication of the source of the Nitrogen in 
the soil and the effect of the crop on the tjuantity }jre.sent, liut 
the field measurements throAV some light on the problem. 
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The source of the Gaseous Nitrogen in the soil. 

The determination of the origin of the soil Nitrogen is of im- 
portance and further experiments are being carried out to deter- 
mine this point with some degree of certainty. This Nitrogen can 
only come from three sources : — 

(1) The air imprisoned in the soil by the water. 

(2) The Nitrogen dissolved in the irrigation water which pene- 
trates the soil. 

(3) The Nitrogen contained in the organic ma tter of the soil 
and manure. 

There is no doubt that some of the soil Nitrogen is obtained 
from the sources indicated iii (1) and (2), but a consideration of the 
amounts of gas obtained from the manured and umnanured plots 
in the field experiments leads to the conclusion that the larger 
proportion is derived from the Nitrogen present in the organic 
manure. 

The gases collected by traversing the same distance in each plot 
were measured and analysed and the relative amounts of Nitrogen 
obtained are contrasted in the following table in the form of ratios. 
The ratio between the uncropped manured plot and the uncropped 
unmanured plot is referred to as Ratio = UM/UU and that betAveen 
the corresponding cropped plots as Ratio = CM/CU. 

Table X. 

Showing the relative amounts of Nitrogen present in the manured and 

unmanured' plots. 


Date. 

T> X- U M 

Ratio 

Ratio =. 

Octobor Oth, 1011 

,, 24th 

l-5/l 

2T>/1 

2-3/1 ii 

4*:vi 

NoYCMn])or bth . 

13th „ .... ; ; 

3/1 

1-G/l 

3T./1 

2 *(5 1. 

2i/l 

2*5, 1 




.U;;* I 








As the plots contrasted in the above table formed a portion of 
one small field, they were siniilar in every respect, with the exception 


V 


1 , 


oases of swamp rice soils. 

tlie m the soil or 

it would he expected ^h ■ J 

Instead of the. ^ „„.„^„„ed plots, and the only obvious 

m the P'" ;; ,„il Nitrogen is derived from the marm-e 

conclusioins that muci conclusion, 

used and the ”8““ less Nitrogen is evolved tom 

taken in conjunctioi 4-Tf.ntnipnt Avith the copper 

Tfr:„“ sirrr; ".—r I.'*. 

ill The evidence is not as clear as we would wish aiicl expexi 
"jL are being carried out to test the ciuestion of this Nitrogen 

absorption in a more rigorous manner. 

Mode ol aaim of tiecrof mattering, he eonntoMan of the Hoil O^et.. 

It has been shown clearly that the normal evolution of Jletliane 

in paddy soil is greatly reduced in amount when a crop is mto- 
dnced and there ore 'indications to show that the same prehab ly 
occurs’ with the Nitrogen evolution. This being so, a wide held 
of investigation is opened out to detcrimne the maimer in vlinh 
ri i mt on is hronght about. It is clear that the crop is the primary 
"“ the action may be indirect in the so.rse that subst.mccs 
ly be excreted by the roots which irrhibit or retard cc.ta.ri of tin 
nbases of the normal fermentation, or it riiaj In diiti 
^"e that the plant is absorbing some of the deeomposrt.oir pro- 
ducts of the fermentation, thus removing them to... the held o 
action and reducing the intensity of the aet.on by that ammnr 
With regarel to the Bret possibility, if the effect of the excretrd 

substance were only trarrsitory. it would W-- ; 
croB reached full growth, the excretion would be aiust . 

course of the normal fermentation re-established, resu t nig m an 

increased gas production. Evidence supporting t ns was, 

in the pot culture experiments for, when the crop readied the 
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ripening stage sucli an evolution occurred both, with regard to 
Nitrogen and Methane as is shown in the following table 


Table XI. 


Showhig the %ncr eased evolution of Gas when the rifening stage is 

reached. 


Total gas evolution in cc. 


j Dat-E, 

Cropped pots. 

CJncropped pots. 

Remarks. 

CH,. 

N 

CH,. 

N 


9th to 21st April 1913 . 

Nil 

77*3 

13*7 

58*4 


21st to 28tli April 1913 . 

24-1 

52*5 

6*6 

32*6 

Ripening stage 
reach e cl 

28th April to 5th May 1913 

34-7 

34*4 

5*3 

37*7 

about 21st 

5th to 13th May 1913 

17*3 

11*9 

3*0 

25*6 

April. 

Total 00. from 21st April to 13th May 
1013 . . . . , 

76*1 

98*8 

[ 

15*5 

95*9 



Thus once the stage of ripening is reached, we find the cropped i 

pots commencing to evolve Methane in considerable quantities, ! 

whereas, previously no Methane was given off. There is also a very i 

large evolution of Nitrogen, and at the same time, the amount of ■ 

Oxygen present in the evolved gas was very little, only amounting i 

to a few cc., showing the e.ffect of the surface film to be very small. 

These observations would seem to lead to the view that the effect 
of the crop is to retard the normal fermentation and some support 
is given by the behaviour of the unmanured pots. The cropped pots 
of the latter series showed only a comparatively small increased 
rate of evolution of Methane and Nitrogen such as would be 
expected, considering the absence of green-manure and with only 
the soil organic matter present. 


A certain proportion of this evolution of gas in manured pots 
when the ripening stage is reached may possibly be due to the 
decomposition of the roots of the crop and not to decomposition of 
the green-manure recommencing. If this is proved to be the ease, 
the possibility of the changes being due to the absorption by the 
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roots assumes greater importance. The possibility of ^ the plant 
absorbing some of the organic compounds produced during certain 
phases of the fermentation is quite probable in view of the results 
of recent investigation on the assimilation of organic Nitrogen by 
the roots of plants. Hutchinson and Miller^'= working under sterile 
conditions have showm that certain plants can utilize the Nitrogen 
contained in such compounds as acetamide, urea, barbituric acid, 
alloxan, and to a lesser degree in formamide, glycocoll, oxamide, etc. 
Schreiner and Sldnnert have since experimented with a large number 
of nitrogenous organic compounds and have come to tlie conclusion 
that the plant can absorb them as sitcJi and that certam of them 
are utilized by tlie plant in an advantageous manner, whilst others 
exert a toxic influence. 

Among the substances experimented with by Schieinei and 
Skinner were many of the compounds produced by the decomposi- 
tion of proteids and it is just these compounds which would be 
]irodueod in paddy soils when the gTeen-manure is decomposed. 
Consequently, if their view is correct, these substances ivould be 
absorbed by the paddy roots and the normal fermentation would be 
lessened in jiroportion. tlnis tending to produce a change in the 
composition of the soil gases. 

The wdiole subject of tin' relatiomship of the paddy crop to the 
soil fermentations is of great importance and is under further 

investigation,. 

The Aurrrnhic tondUlotis of ihe soil in relation to Nitrogen 

assimilation. 


Apart from the (juestion of the relation of the crop to the 
composition of the soil gases it is evident that the stiougly anae- 
robic conditions provailiug iii these swuimp paddy soils have a direct 
hearing on the course of the Nitrogen assimilation of the plant as 
ordinaNlv understood. Since Kellnerlj: in 188-2 showed with swamp 
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paddy that Ammonium salts are more effective as a manure than Ni- 
trates, many investigations have been carried out and the consensus 
of ojainion appears to be strongly against the utility of the latter class 
of substances, although, possibly with certain varieties of paddy and 
under certain cultural conditions, Nitrates may be very effective 
when the plant is heading or approaching ripeness. In recent years 
Daikuhara and Imasiki,* in Japan, have shown that denitrification 
takes place very rapidly in these soils leading to loss of Nitrogen and 
to the formation of toxic Nitrites. They also showed that Ammo- 
nium salts are quite suitable as manures, and that the crop absorbed 
them as such. Kelly f in Hawaii has confirmed these results and, 
moreover, showed that Nitrates are not readily absorbed by paddy 
plants. It may, therefore, be accepted that Nitrates do not persist 
in these soils, that they are not properly absorbed by the crop, and 
that poisonous Nitrites are produced from them. Nitrates and 
Ammonium salts are not used by the South Indian cultivators, 
but still a knowledge of the beha^dour of such substances is of im- 
portance, as they are both produced in local soils at one time or 
another during the season. 

These swamp paddy soils are exceedingly clayey in character, 
and, during the dry season, are fissured in all directions by deep* 
cracks by which air freely enters and thoroughly aerates the soil. 
Under these conditions nitrification proceeds, and although the 
crop of weeds, annually raised at this time, must assimilate a great 
proportion of the produced Nitrates, yet, in the aggregate there 
must be a considerable quantity of Nitrate present in the soil when 
the Avater is admitted for the ensuing paddy crop. The rate at 
which this Nitrate disappears must depend greatly on circumstances. 
If the amount of Oxygen imprisoned in the soil is large, or if it 
persists for some time, or if the fermentation of the green-manure 
is sloAV in the earlier stages, this Nitrate may remain undecomposed 
for some time and liaAm some effect on the crop in the earlier stages 
just after transplanting. 

* Bull. Imp. Cent. Agri. Exptl. Sta., Japan, Vol. I, No. 2. 

t 24, Hawaii Agi’i. Exptl. Stn. 
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The analysis of the soil gases immediately after water is ad- 
mitted to the field does not, however, support this view, for on July 
27th, 1909, within a very few days after the time of admitting water 
to the experimental plot, very little gas was present and what 
there was consisted of 53-4 percent. Nitrogen, 39-4 per cent. Methane 
and only *8 per cent. Oxygen. Further, in 1912, the first samples 
of gas obtained from the foin experimental plots contained from 
88-5 to 93-6 per cent. N, S’S to 7T per cent. CO^ and only -6 to 4-4 
per cent. Oxygen. Thus it is evident that the anaerobic condition of 
these soils commences from the date of the first admission of water, 
long before the crop is introduced into them. Consequently, the 
Nitrate formed during the dry season is quickly denitrified and is 
of no value so far as the cultivator is concerned. Neither, in view 
of the composition of the soil gases and the presence of a large 
amount of decomposing organic matter in the shape of ploughed-in 
weeds and green-manure, is the occurrence of nitrification during 
the growing season probable and the crop must as a consequence 
derive its necessary Nitrogen from the jrroducts of the putrefaction 
of the proteids present in the green-manure. 

It is this aspect of the case which is of importance to the South 
Indian agriculturalist, and it is one worthy of detailed study. The 
putrefactive decomposition of green-manure which occurs in these 
soils leads to the production of a number of substances. The car- 
bolydrates are vigorously attacked under anaerobic conditions 
and the proteids are decomposed with the formation of albumoses, 
peptones amine bases, volatile acids of the fatt}' series, acetic 
acid, succinic acids, skatol, indol, phenol, amniojiia, carbou- 
dioxitle and many other substances. Methane is also pi'oduced, 
according to Omelianski by a special ferment whicli attacks cellulose, 
but of which, the authors have discovered no trace in the soils 
examined. The Ammonia and many of the nitrogenous sub- 
stances produced are absorbed by the plant and utilizial 
in the formation of tissue and cousefiuently the general 
suitability of nitrogenous manures for paddy may be stated as 
follows : — 



Manures which contain Ammonia or which yield x4.mmonia 
and comparatively simple nitrogenous organic substances on 
anaerobic decomposition, are suitable manures, whereas Nitrates 
are not suitable for swamp paddy. 

Schreiner and Skinner have shown that not all of these sub- 
stances are beneficial to the crop. Certain of them appear to be 
directly assimilated by the crop and are utilized in the formation 
of tissue, but others have been shown to be toxic and to injure the 
cropping, hield results in the Tanjore Delta* show clearly the 
injurious result which may arise from the apphcation of green-man- 
ure to badly drained soils into which young and tender seedlings 
are transplanted, and there can be no doubt that the beneficial 
aspect of drainage in relation to swamp paddy soils is partly 
concerned in the removal of these toxins from the soil. The aspect 
of drainage to paddy is, however, considered more in detail in the 
second part of this Memoir. 

In localities where the lack of drainage does not permit of the 
removal of these toxins in the manner indicated, the same end 
might possibly be achieved by ploughing-in the green-manure 
several weeks before the time of transplanting, so that some con- 
siderable amount of decomposition will have proceeded by the time 
the young seedlings are introduced. Brieger has observed that 
the poisonous substances produced during the putrefaction of pro- 
teids are only formed in the early stages and that they disappear 
on prolonged decomposition. It appears therefore probable that 
the method outlined above would lead to a considerable destruction 
of the toxins, by the time the seedlings were transplanted. 


.'L 


Summary to Part I. 

The conclusions arrived at may be summarized as follows: — 
(1) The normal fermentation of green-manure in swamp paddy 
soils leads to the production of a relatively large proportion of 
Methane, a smaller amount of Nitrogen, together with some Carbon- 
dioxide and Hydrogen. 


H. 0. Sararson’s Annual Report of the Maiiganallur Agri. Station, I9i2-13. 
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(2) The introduction of a crop so modifies the gas production 
that the jiroportion of Methane in the gas is greatly reduced and 
that of Nitrogen increased. The evolution of Hydrogen is 
practically inhibited. 

(3) The action of the crop is to restrict the formation of 
Methane and Hydrogen either by retarding the rate of fermentation 
or by a portion of the intermediate products of decomposition being 
absorbed by the roots. There is also evidence adduced to show that 
the normal evolution of Nitrogen is retarded in a similar manner. 

(4) The soil conditions are shown to be anaerobic in character 
immediately after water is admitted to the fields, and these conditions 
persist so long as irrigation proceeds. Under these circumstances, 
nitrification is imiiossible and the Nitrates produced during the dry 
season are cpiickly denitrified so that the Nitrogen required by the 
crop is obtained from the Ammonia and nitrogenous organic com- 
pounds produced by the anaerobic decomposition of the proteids 
of the green-manure. 

(5) Certain of the substances produced by this decomposition are 
toxic to the crop, and must be removed in the drainage water, or 
destroyed by prolonged decomposition before the seedlings are 
transplanted, otherwise the crop will suffer. The application of 
green-manure to badly drained areas must, therefore, be undertaken 
with circumspection and caution. 


Iv . 


PART II. 

The Gases evolved from the surface of Paddy Soils. 

Ill the foregoing section of this Memoir attention has been 
called to the fact that the gases present in the soil itself are dis- 
similar in composition from the gases which are evolved from the 
surface of swamp paddy soils. The latter consists mainly of Oxy- 
gen and Nitrogen, and we have not been able to detect the presence 
of Methane, Hydrogen and Carbon-dioxide in them. The last 
mentioned gases are characteristic constituents of the soil gases and 
as a consequence there did not appear to be any connection between 
the soil gases and the surface gases. That there was some relation- 
ship, however, between the rate of evolution of Oxygen and the 
presence or absence of a crop was indicated by a number of hap- 
hazard determinations made during the year 1909 and consequently, 
at the earliest opportunity, some pot-culture experiments were 
instituted to test this point. 

Two pots were taken each 12 inches diameter and 12 inches 
high with a layer of sand 3 inches deep at the bottom. Over this 
was placed a layer of paddy soil 5| inches thick, thus allowing a 
depth of 3^^ inches for the surface water. An arrangement for drain- 
ing the pots was introduced, which consisted of an inverted funnel 
embedded in the sand layer with its shank connected to a syphon 
discharging through a tubulure in the bottom of the pot, and the 
exit of which was closed by means of a rubber tube and pinch-cock. 
Each pot received green-manure at the rate of 10,000 lbs. to the 
acre, which was well puddled into the soil, and a certain amount of 
"vvatei was drained off each week, not sufficient, howevei", to expose 
the base of the inverted collecting funnels placed above the soil, 
and so allow air to enter. Paddy was transplanted into one pot 
on December 21st, 1911, and the other pot remained uncropped. 
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T1i6 gases evolved consisted usually only of oxygen and nitrogen, 
but in the later stages, a small amount of Methane was sometimes 
present. 

The following table shows the collection of oxygen in cc. 


#■ 


# 

•i • 


Table I. 



Showing the rate of collection of Oxygen in cc. from the cropped ami 

uncropped pots. 


Date. 

Cropped pot. 

Uncropped pot. 

Daily ex- ^ 

cess of Oxy- 
gen given 
off from 
the uncrop- 
ped pot T 
or — 

Daily 

1 rate. 

1 Daily 
i rate. 

31st December i?n I to iitli January 1912 . 
bth to 12t}i January 1912. 

12th „ 19th „ „ . . . 

19th „ 26th „ • 

2()th January to 7th February 1912 

7th to 2ist February 1912 

21st February to 5th March 1912 . 

Total and average . j 

63 10*5 

130 21 '6 

191 27*2 

1 244 34-9 

315 28-6 

! 584 i 41*7 

, .568 ; 43*7 

204 ; 34-0 

241 : 40*0 

234 33*4 

183 ‘ 26*1 

542 i 49-2 

738 ' 52*7 

833 64*0 

+ 18*4 w 

+ 6*2 
-8 *8 
+ 20*6 
+ 11*0 
+ 20-3 

average 
2,095 32*2 

avertige 

2,97.5 4. >'7 

average 
+ 13*5 



It is evident that in this experiment the effect of the crop was 
to lessen the evolution of Oxygen by 880 cc. or equal to 13-5 cc. per 
day on the average. It is also evident that the absorption of Oxy- 
gen is not uniform throughout the period, but that it took place in 
two stages. A reference to the last column of the table will show 
this, where the daily excess of Oxygen evolved from the uncropped 
pot is giveir. Ifrotn December 3ist to January l.hh the dail\ ext'css 
gradually diminishes until, between January 19th and February 
7th, thoi'C is more Oxygen evolved from the cro])ped thair the 
uncropped pot. Afterwards there is an excess of Oxygen evolved 
from the uncropped up to the end of the experiment. 

These results were so definite that it was decided to lay down 
a more extensive series of experiments and, accordingly, two s<n-ies 
were started early in 1913. The two series were parallel experi- 
ments and differed from each other only in the depth of the pots 
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and the size of the collecting funnel. Each series consisted of 
cropped and uncropped manured pots and similar unmanured pots. 

In Series I the pots were 18 inches high and 14 inches diameter 
with a layer of sand C inches thick on the bottom and above this 
40 Idlos of soil. The gas collecting funnel was 10 inches diameter. 
Series II consisted of pots 16 inches high and 12 niches diameter 
with a 6 inches layer of sand and 20 Idlos of soil. The funnel in this 
case was only 8 inches diameter. To the manured pots green- 
manure was added at the rate of 5,000 lbs. per acre. 

All the pots were undrained, thus differing from the previous 
experiment. The seedlings were introduced on February 12th, 
but the gases were not collected until the seedlings were established 
on February 24th. 

The results are tabulated below : — ’ 

Table II. 

Shotving the Oxygen evolution from the pots of Series I. 


MANURED POTS. 


Date. 

CiiorrED. 

UXCROPPED. 

Daily 
excess' o: 
Oxygen 
from 
cropped 
pots 
•for — 

Obopped. 

! 

1 Da’CEOPPED. 

: Daily 
-‘xeess’' of 
Oxygen 
from 
cropped 
pots 
+ or — 


cc. 

0 

Daily 

rate 

cc. 

CC. 

0 

Daily 

rate 

cc. 

cc. 

0 

Daily 

rate 

cc. 

cc. 

0 

Daily 

rate 

ec. 

24th Deby. to 3rd 
March 1913 

3rd March to 10th 

2*3 

•33 

2*4 

•34 

-f-’Ol 

14*9 

212 

1*5 

•21 

— 

—1*91 

March 1913 

10 th March to 17th 

2-4 

•34 

26 -3 

3*75 

+ 3-41 

1.4-8 

2*11 

2*0 

•28 

— 1-83 

March 1913 

17 th March to 28th 

9-1 

1-30 

56*4 

8 05 

+ 6*75 

1*9 

•27 

15*4 

2*20 

+ 1*93 

March 1913 

28th March to 4th 

14*9 

1*35 

65 *5 

5*95 

■+4*60 

1*2 

•24 

43*1 

3*91 

+ 3*67 

April 1913 

4th to 11th April 

13*5 

1*92 

31*2 

4*45 

+ 2*53 

1*4 

*20 

28*0 

4-00 

+ 3*80 ' 

1913 

llth to 17th April 

20*0 

2*85 

23*1 

330 

+ *45 

-1*5 

*21 

38*6 

5*51 

+ 5 '30 

1913 . . 

17bh to 23rd Ajiril 

15*3 

2*55 

26*7 

4*45 

+•1*90 

*7 

•10 

30*4 

5*06 

+ 4*96 

, 1913. 

23i*d to 30th April 

10*3 

2*71 

44*4 

7*40 

r 4 ‘69 

1*1 

•18 

19*9 

3*31 

+ 3*13 

,1913'' ' . ' ■ . 

30 th April to 7th 

51*2 

7*31 

17*3 

2*47 

—4*84 

2*4 

*34 

12*8 

1*82 

+ 1 ‘48 

, .May 1913 , . 

54*3 ■ 

7*75 

29*3 

4*18 

—3 *57 

11*4 

1*62 

7*7 

1*10 

~1 *52 

Total and average 

199*3 

2*70 

322*6 

4*48 

i 

■+1*72 

51 -S 

•74 

199 -4 

2*77 

+ 2*03 


UNMANURED POTS. 


'c i 
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Table HI. 

Showing Oxygen evolution from the pots in Series 11. 


MANUKBB LOTS. 


VALMAXUHED PU'J'S. 


Ball'. 


24tli .F(.'h\'. to 3rd 
Mcuvh 1913 

3rd to lOtli Maivli 
j0l3 

Idtli to ] 7th Maruli 
1913 

17th to 28th .Man'll 
1913 

28th 3iart'h to 4th 
Ajiril 1913. 

4th to llth April 
]913 

1 llh to 17th AjH'il 
1913 

ntli to 23nl April 
1913 

23rd to 30th April ! 
1913 . . I 

30th April to 7th I 
.Mavl913. 


1 otai and avoraLt;(.‘ 


CdiorrED. 

U.NCROTPE1). 

Daily 
excess o 
oxygen 
fj'oin iin 
cropped 
pot 
+ or — 

Ckoited. 

rN(.'Rur.rii:i). 

Daily 
exees.< of 

ce. 

0 

• 

JJaily 

rale 

cc. 

cc. 

0 

Daily 
rate 
i cc. 

cc. 

CC. 

cc. 

O 

Daily 

rate 

ee. 

from un- 
eropped 
pot 

4 01' — 

3-3 

•47 j 

01 ‘2 

: 

1 8-74 

-i- 8 *27 

5*4 *77 

7*8 

I'll 

4 ‘34 

1 2*6 

•37 ; 

43T) 

: 0-21 

-rd)-S4 

i*d> -21 

18-9 

2*70 

4 2*49 

; , 

•17 

03-3 

' 9-04 

! 1 

-i-8-87 

2*0 -28 

39*8 

5*08 

4d*40 

^ IdJ 

•10 : 

107-4 

! 9-70 

+ 0-Ut) 

•d) *04 

J2d*3 

11*39 

4 11*35 

d-i 

'72 : 

47) -d) 

O-dO 

4* d • / 8 

j *4 -Od) 

39*0 

d*d)7 

4 5 ‘52 

i 0-0 : 

•98 

7 d •() 

10*80 ' 

+ 9-82 

' l-l -Id 

lid *2 

9*31 

4 9*10 

i "•(> i 

1 

ri() i 

1 

08*2 

1 1 -30 

k 10*20 

3-1 *d2 

59*0 

9*83 

4 9*31 

1 4 j 

i ' 

•r>o 

48 -1) 

i 8-10 1 

-i-7-d4 

lUi iMiS 

3 1 * J 

d'2S 

4 3*00 

1 3*8 : 

'54 : 

3d) -7 , 

d> l0 ^ 

4-4'd>0 

9-2 1-31 

22*8 

3 *25 

- 1 *94 

3-d ' 

•do i' 

2d) -2 

3'(';o . 

-,3-10 

7-0 1*08 

27*0 

3 *8d 

4 2*77 

37-9 

Avcr- 

au'e. 

•r>2 r>74-2 

.A\er- . 

fo7 ■- 7-4,7 

Aver- 

aifc, 

40*9 ' ^‘-dr, 

430 *d 

Aver- 

nge. 

0*00 

Average. 

- d'do 


Tlic.so results, like those of the earlier experiment, .show a much 
le,s,s evolution of Oxygen from the eroppetl pot.s than from tlie 
uncroppeil oue,s. The smaller evolution of Oxygen Itoiu the 
ei'opped pots only eontiuue.s during the active growing jieriod. for, 
as soon as the ripening stage is reached (about April 23rd) an 
increa.sed evolution occurs, ami in fact, in the first .series more 
Oxygen is evolved than from the corresponding uncro])])ed pots. 

The ilitTerence between the rates of e\'olution of cropped ami 
uucropped ]>ols is shown in the above table and this may l)e hjuked 
upon as measuring an absorption of O.xygen l»y the croj). With the 
exception of the unmanured pots of Series No. 1 there is a sudden 
decrease in the rate of absorption about the tirst week of April, 
just before the crop headed ami it would, therefore, appear as if the 



^ growth of paddy took place in two stages. What bearing this has 

il ^ on manurial and cultural problems is not cj[uite clear; but it is 

interesting to note that around Palghat, it is customary, on certain 

types of soil, to manure the crop at half growth. The authors 
are under the impression that a similar procedure is customary 
^ with certain Chinese cultivators of paddy. 

The smaller evolution of Oxygen from the cropped pots and its 
^ relation to the stage of growth of the plant implied some connection 

between the life of the crop and the production of Oxygen at the sur- 
face of the soil. At this stage our colleague Dr. C. A, Barber very 
generously placed before us the results of his examination of paddy 
roots of different types which led him to the conclusion that these 
roots are not typical water plant roots, as would be expected, but 

* • that they are similar to the roots of ordinary dry land crops and, 

as such, they would require aeration if their healthiness is to be 
maintained. It was, therefore, concluded that the Oxygen evolved 
at the surface of the soil was utilized by the plant for the purpose 

* « of aeration of the roots. 

The cause of this evolution was traced by us to a film of organ- 
ized growth spread over the surface of the soil which varies con- 
siderably in character in different locahties. Algse of various 
kinds are usually present in considerable quantity, but occasionally 
films are obtained which are practically devoid of such growths. 
Diatoms are invariably present, occasionally to such an extent as to 
produce a friable white skin over the surface of the dried off soil, 

■ » ' which has been mistaken for a saline incrustation. Apart from 

these organisms, there appears to be a constituent of the film of a 
bacterial nature. During the progress of the pot culture experi- 
ments a film grew up the interior of the funnels, which was slightly 
m brown in colour, due to the presence of diatoms and earthy parti- 

cles, but which contained no green algse. Under the microscope it 
was found to consist of irregular filaments which show no definite 
stnicture and which are covered with bacteria, the latter being 
arranged with their long axis parallel to the direction of the 
filament. Occasionally films are obtained from the fields which 
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eoutaia a very smaJI proportion of algal growth and which appear 
to consist almost entirely of this unorganized filamentous growth 
together with diatoms. 

Jn Plate II, Fig. 1 shows the general character of this film and 
Fig. 2 a single filament magnified 1,000 diametens. 

The function of this latter growth is at present undetermined. 
Considering the facts that (1) we have not been able in the field to 
demonstrate the presence of gaseous Chrbon compounds in the 
surface gases, and (2) the amount of Oxygen evolved from a field 
is increased by the presence of green-manure in the soil (page 104), 
it would appear possible that this growth brings about a change in 
the carbon constituents of the soil gases such as to make, them 
available as food for the green alga?. Support is given to this by 
the fact that we have been able to isolate cellulose, or some closely 
related substance, from films which contained no green algse or 
organised growths other than diatoms. 

These observations, which led us to the conclusion that the 
aeration of the roots is largely clue to the agency of the surface film, 
practically supplement and confirm the wmrk of Brizi,* in Italy, 
work to which our attention has only recently been called. 
Brizi states that the roots of the rice plant do not conform 
to the aquatic type and show’ed, by means of water cultures, that 
aeration wms absolutely essential for their growth. He also showed 
that the iutrocluetion of algse, obtained from rice fields, into cul- 
tures devoid of Oxygen, but in which Carbon-dioxide was present, 
wms sufficient to thoroughly aerate the roots and promote healthy 
growth. This wms due to the alga? assimilating the Carbon-dioxide 
and liberating Oxygen, His experiments led him to the conclusion 
that the presence of algoe in rice fields must largely increase the 
quantity of dissolved Oxygen in the irrigation water and load to 
the efficient aeration of the roots. His w'ork, taken in conjunction 
with our measurements, shows clearly the importance of the surface 
growth to the crop. In the best examples of this surface film, it is 


* Anniiario 3>il Agrarm Dott. A. Ponti, VoLs. V, VI and \IL '08, 
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thick and tenacious and practically continuous over the surface 
of the field. Between it and the soil surface accumulate large bubbles 
of gas which on analysis rarely contained less than 50 per cent. 
Oxygen, so that under normal conditions there is an atmosphere 
very rich in Oxygen in contact with the soil and capable of strongly 
aerating any water passing into the soil or water already present 
in the soil and in contact with the Oxygen. 

Eeference has been made to the fact that the surface gases 
evolved from paddy soils consist not only of Oxygen, but contain 
large quantities of Nitrogen as well, and the connection between the 
two is shown by the fact that applications of copper sulphate greatly 
reduce the evolution of Nitrogen just in the same way that the Oxy- 
gen evolution is inhibited. This is well shown in the following table 
which gives the results from a typical experiment. 

Table IV. 

Showing effect of Cojyper sulphate in inhibiting the evolution of the 

Surface Gases. 


■ Date. |.' 

C-‘. 

0. 

Daily 

rate 

oc ' 

rate 

Remakks. 


in cc. 

in ec. 


1 ■ 

23i'd December 1912 to 3rd January 1013 i 

■ j- 

13<; 

1-23 

i 

19-8 i'8o ; 

No copper 




u 1 p h a to 

3rd to 7th January 1013 . . .1 

■■ ■ ■■■■■.. i-.- 

7 3) 

1*90 

21*4 5*35 

present, 

7th to 18th January 1013 

*5 

‘05 

5*5. ■ ■ ‘55 ■ 


18th to 3Uth January 1013 

•9 

*07 

O’O ‘75 

G 0 p p e r 
s ii 1 p h ate 

30th January to 12th February 1013 

D2 1 

•09 

0*0 *73 

present. 


It would appear that this Nitrogen is derived originally from 
the air and that its evolution is obviously connected with the pres- 
ence or absence of a surface film. The analysis of the gases from 
cropped and uncropped pots also brings out clearly the fact that the 
amount of Nitrogen evolved depends upon the presence or absence 
of a crop and varies approximately with the amount of Oxygen 
evolved from any one pot. The cropped pots give off less Nitrogen 
than the uneropped pots, and the difference between the volumes 
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sliows in. a general way the same variations as those of the Oxygen 
evolution. . 

The evolution of Nitrogen wouid, therefore, appear to be 
dependent upon that of Oxygen, thus pointing to its being a purely 
physical phenomenon. The Oxygen evolved is the residue of the 
Oxygen produced by the surface film which has escaped absorption 
by the roots and collects, as vye have shown, in bubbles under the 
film. The green algal growths give off practically pure Oxygen, 
so that, in the first instance, bubbles of pure Oxygen will collect. 
Surroimding these bubbles is Avater containing amounts of 0.xygen 
and Nitrogen in solution proportionate to their partial pressures 
in the atmosphere; but- at the point of ppntact with the bubble the 
partial pressure of Oxygen becomesrelatively high and that of Nitro- 
gen low ; consecpiently there is a tendency for Oxygen from, the bubble 
to go into solution and nitrogen to come from the Avater to its place. 
This action aaPII go on until equilibrium occurs and the bubble of 
gas AAulI no longer consist of pure Oxygen but a mixture of the tAA’ o 
gases. 

The greater the amount of Oxygen collecting at the surface of 
the soil the greater aaPII be the quantity of Nitrogen eA’-oh'ed. Thus 
the rate of the Nitrogen eA^olution from the pots AA’ill folloAA’ generally 
that for the Oxygen. 

The effect of the J}mvna(je mid Aeration of the soil on the crop. 

On considering cai’efully the results of our obseiwations on the 
relationship of the eA’oIution of Oxygen to the aei’atiou of the root.s, 
it Avas clear to us that the drainage of ])addy soils musf be an 
important factor AAdth regard to the amount of aeration produced 
ill them. In undrained soils the aerated Avater at the surface of the 
soil could not pos.sibly enter the soil and conse(|uently, aeration 
AA’Ould be I’cstrieted to the surface layers of .soil. On the other 
hand, drainage AA’ould caii.se the aerated .suiface Avater to jienetrate 
into the .soil and aeration AAWild be deeper. Thi.s lieing .so it appeai'tal 
])robable that the depth of aeration AAxmld be ])roportion.‘dc to the 
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rate of drainage, and the greater the rate of drainage the deeper 
would be the aeration of the soil with, probably, a proportionately 
increased cropping. 

Again, as the aeration of the roots bears such an important 
relationship to the growth of the crop it appeared to us probable 
that the effectual aeration of the soil could be achieved with the 
expenditure of much less irrigation water than normal, by periodically 
draining the pots completely and thus permitting air to enter the soil. 
Further, this aeration of the soil would produce more aerobic condi- 
tions and there would be less danger of an excessive amount of toxic ’ 
substances being produced. The conditions would also be more 
suitable for nitrification and this might 'have a favourable action 
on the growth., .. * • 

Accordingly to test these points two separate experiments 
were instituted, one series to determine the effect of varying rates 
of drainage on the cropping, and the other to test the effect of 
aerating the soil by permitting the pots to drain thoroughly 
between consecutive irrigations. 


The effect of Drainage on the crof. 

In this experiment the pots were 12 inches in diameter and 
contained, on the bottom, a layer of sand weighing 10 kilos and above 
this a layer of 12 kilos of soil 40 grammes of green-manure were 
added to each pot and drainage was provided for by means of an 
inverted funnel filled with sand, embedded in the sand layer 
and connected to a syphon discharging through the tubulure in the 
base of the pot. Continuous drainage was not given, but each pot, 
on the appointed date, was allowed to drain until the surface soil was 
nearly uncovered when the drainage was closed and fresh water 
added. The time elapsing between consecutive drainings varied 
from 1 to 7 days, but each pot received uniform treatment 
throughout the experiment. When the time of ripening approached, 
all the pots were drained and only kept moist until the harvest 
was taken. The same number of plants were present in each pot. 

3 


9S 


r.ASKS OP SWAMP HICK SOILS. 


Tlie results obtained are given in the following tables : 

Table V. 

Hhoii'i)\g the Grain Produciion. 

^ i . 


Expeiumrnt. 

^ Wl. o{ 

! grain 
in £>'ins. 

Sktites T. 

Loss 
i or 

incivaso. 

Wi. of 
N- in 
,u'ins. 

Wt. of 
grain 
in gms. 

Series 11. 

T.OSS 

or 

incToaso. 

Wt. of 
, K. 
in gms. 

Ua(lraiiiP<l .... 

ii‘jr> 


'094 

]2*ir> 


•113 

T^rained ovorv 7th day . 

l:V47 

4-2*32 

*107 

13*80 

-i-i-T.-t j 

•12J 

„ „ * *ir<i , 

14*45 

+3*30 

•127 

1 7 '(>5 

+r)'r)0 j 

•147 

,» .. 2od . . . ! 

11*02 

■. -4*77 ' 

*117 

14'2o 

+2-10 : 

*139 

,, clay . . . j 

12*0S 

•4*03 

•103 

13-00 

+ l-4.‘) 1 

•132 


So far as the production of grain is concerned, it is at once 
evident that drainage exerts an exceedingly beneficial etl’ect. At the 
same time, it is apparent that this effect is not in proportion to the 
amount of drainage, bnt that a maximum effect is produced with 
only a moderate amount. Excessive drainage reduces the \u‘eld to 
within measurable limits of the nndrained pot. The amount of 
Nitrogen accumulated in the grain also shows the same variations. 


Table VI. 

Showing Straw and Chaff Production. 




Series L 


Sf 

iiiihs IL 


Experiment. 

! Wt . in 
gius. 

lai.ss 

or 

i in<*ivas<\ 

g g, 

I 

Wt . in 
gins. 

.Los.s 

or 

iiKTihVse. 

W’t. of 
X. in 
gms. 



. 





Uiulraincd 

Drained everv 71 h day 
,/ 3rd 
,, 2 ik1 

„ day , 

. i 24-70 
19*75 

* . . ■ 26*40 

. I' 20*57 
. i 24*37 

1 : 
1 . 

1 —Vi)-. 

“f* 1 ‘70 
-—4*13 
i' — *33 i 

*079 

•(Hm 

•104 

•067 

*099 

21-47, 

21-80 

27*45 

26' iO 
26*00 

4 *35 
-f-O'OO 
-f 4*65 
•44*55 

•072 

•071 

■091 

•092 

*060 


Although the agreement between these two series is not good, 
yet, it is evident that the maximum production of straw is produced 
with drainage every 3rd day. 
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( V)nsoqueiit]y, it would appear that paddy requires only a 

niodci-ato amount of di-ainago to enable the crop to produce it.s 
maximum yield, too much drainage being detrimental. 

The effect of Aeratim/ the Soil. 

The pots in these experiments were 12 inches diameter and 17 
inches high. 12 kilos of sand were placed on the bottom and over 
this a layer of 15 kilos of earth and drainage was arranged for as 
described in the previous experinient. 40 grammes of green- 
manure were puddled into the soil of each pot. 

One pot remained undrained throughout the whole })criod 
and of the remaining pots a system of alternate swamping and drain- 
ing was instituted. All the pots were allowed to remain covered 
with water for three days and then were allowed to drain for 1, 2, 4 
or S days ])efore being swamped again. The drainage was conrplete 
in each case, thus causing air to enter the soil, the object being to 
induce conditions more likely to cause nitrification than those 
norinal to swamp soils and also to endeavour to obtain a I'elative 
measure of the values of dissolved Oxygen and gaseous Oxygen in 
aerating the roots. 

The results are set forth in the following tables : — 

Table VII. 

Showing the effect of differeM j)eriods of Soil Aeration on the Produc- 
tion of Grain. 




♦Series I. 


, ■ S 

EEIES II. 


E XPERT MEKT. 

Weight 

of 

grain. 

Loss 
or in- 
crease. 

Weight, 
of Ni- 
trogen. 

IVeight 

of' 

grain. 

Loss 
or in - 
crease. 

Weight 
of Ni- 
trogen. 

Unaerated , . ■ . . , 

Covered for 3 days and drained 

14*58 


•145 

14*48 


•147 

1 tKy . . . 

Covered for 3 days and drained 

16-30 

+ 1-72 

*175 

15*80 

+ 1-41 

•164 

2 days' , ' . , . ■ 

Covered for 3 days and drained 

16*00 

4 2-02 

‘186 

14-36 

—•12 

-151 

4 days 

Covered for 3 days and drained 

12-76 

—1 -82 

•136 

10-57 

—3-01 

. -102 

8 dsLjB * . . . . 

5-38 

—9-20 

•006 

4 -.65 

—9-83. 

-054 
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Thus, aeration of the soil has an effect which reaches a niaxiniuni 
at between one and two days’ aeration, yielding on the average 
about a 10 per cent, increase, but longer aeration than this is very 
detrimental and tlie yields are imich worse than those of the nn- 
aerated pot. 

Table VIII. 


Showing the effect of different 'periods of Aeration on the Production 

of Straw and Chaff. 



i 

1 >SEniES I. 


I Series II. 


Expiskimext, 

i 

j WciLdit 
j of 

1 straw. 

Loss 
or in- 
crease. 

of Hi- 
trogen. 

Weight 

of' 

straw. 

Loss 
or 311- 

.creaso. 

Weight 
of Ni- 
trogen. 

Unaerated ..... 

24-07 


•081 

22*82 


•077 

Covered for 3 days and drained 

1 day ..... 

29-78 

+ 5*71 

*106 

27-94 

+ 512 

•093 

Covered for 3 days and drained 

2 days . . . ■ . 

31-20 

-r7-13 : 

•107 

25*98 j 

+ 3-16 1 

•088 

Covered for 3 (lays and drained 

4 days . . . . j 

23*84 ^ 

1 

-~*23 : 

•105 

1 

20*88 ! 

■ 1 

i 

,•088 

Covered for 3 days and drained | 
8 days 

121)7 

--11-10 1 

•056 

12*62 1 

—10*20 j 

•068, 


The production of straw' follows the same variations as that 
of grain, but in a more distinct manner as the maxhnum increase 
is about 20 per cent. 


The conclusion is evident that a small amount of aeration leads 
to a somewhat heavier cropping, but the increase obtained, so far as 
gram is concerned, is not so marked as wvith simple drainage. It 
w'ould therefore seem that the admission of air to the soil does not 
lead to as effective aeration as simple drainage. The explanation 
of this would appear to lie with the. concentration of the dissolved 
Oxygen in the soil water. W e have previously shown that the normal 
condition of paddy soils is such that the water entering the soil is 
very strongly aerated owing to its having been in contact with 
an atmosphere very rich in Oxygen, whereas the admission of 
air into the soil would yield a weaker solution approxhnately 
equal to that produced by contact with air and the aeration of the 
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roots would be proportionately less. The further conclusion may 
also be drawn that Oxygen to be effective must be presented to 
paddy roots in a state of solution. 

One fact was very clear that the periods of aeration, if prolonged 
much over 24 hours, had the effect of preventing the formation of the 
surface film and thus the aeration of the roots during the period of 
swamping was not effective. 


i The efect of Drainage on the Root action of Paddy. 

The action of moderate amounts of drainage in promoting in- 
creased cropping is obviously connected with the introduction of a 
greater amount of dissolved Oxygen into the soil. An examination 
« of the root development in the drained and undrained pots showed 

that this^increased aeration had led to a deeper and more extended 
root action, In the undrained pots the greater proportion of roots 
, were distributed through the top layer of the soil at the point where 

aeration could only take place and consequently, the mass of soil 
from which they drew their substance, was restricted and the crop 
suffered as a consequence. On the other hand, in the drained pots 
the penetration of Oxygenated water into the depths of the soil had 
:| induced a deeper root development. This action of drainage is well 

i shown in the photographs in Plates III & IV where the root develop- 

ment in undrained and drained pots is contrasted. Although, with 
a small amount of drainage there is a much deeper root develop- 
ment than in the undrained condition, yet, there does not appear 
' to be a greater production of roots, for, the undrained pots yielded 

a total of 19’75 grammes of dried roots and the pots drained every 
! third day 19’90 grammes. On the other hand, a quick rate of drain- 

j a age reduces the amount of root produced, the pots drained every 

day only yielding 11-7 grammes. 

These results of the drainage experiment are apparently con- 
flicting. It would be expected that increased drainage would lead 
to increased aeration, by bringing larger volumes of aerated water 
in contact with the roots. Whereas, the maximum effect is 
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attained witli a comparatively slow rate of drainage, and increased 
rates lead to reduced cropping and root development. Tlie 
explanation lies in the fact that tlie quicker rates of drainage had the 
effect of decreasing the growth of the surface film and, as a matter of 
fact, no visible film formed in the pots drained every day. It is, 
therefore, apparent that quick drainage, by inhibiting the growth 
of the surface film and thus preventing the evolution of Oxygen at 
the surface of the soil, may actually lead to decreased aera- 
tion of the roots. TMa, the most efficlenl rate of drainage is not 
the quickest, hat that one which permits the film to maintain full 
uclicitjj. 

This being the case, the explanation of the universal custom 
of puddling these soils and so reducing the drainage through them is 
apparent. During the dry season the soils dry anti shrink and 
their physical condition becomes coarser so that their rates of drain- 
age would be increased. On puddling the soils when v'ater is 
admitted the aggregate particles formed during the tlry period arc 
broken down and the soil returns to its original condition and rate 
of drainage. It is obvious that the amount of puddling given will 
affect the drainage in proportion and it woultl therefore appear that 
the ryot has at his command a simple method of regulating the 
latter, and as a conse(]ueuce, the aeration of his soils. 

The relation of drainage to aeration has also an important 
bearing on the formation of new paddy soil. Dry soils, even when 
of a heavy nature, do not yield their maximum crop of paddy at once 
when converted into wet lands. Usually, the yields of the first 
few years are exceedingly poor and it is only after several years have 
elapsed that such land is looked upon as even fair swamp paddy soil. 
Some investigations carried out by us several years ago led us to the 
conclusion that, in the first few years after paddy cultivation is 
initiated on land previously under dry cultivation, the main change 
taking place was a sorting of the particles between the soil and 
sub-soil, the coarser particles tending to accumulate in the sub-soil 


and vice rersd. Afterwards, tliis action diminished and then it is 



PLATE III 



Root Development in undrained pot. 



PLATE IV 



Root Development in drain^ pot. 
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possible to demonstrate tbatj in both soil and sub-soil, the main 
effect of the cultivation is a breaking down of the soil particles, thus 
producing a heavier soil as years go on. Thirs in these new soils 
the rate of drainage is continually tending to diminish and it is not 
until this rate permits the formation of the surface film that the max- 
imum yields are obtained. 

Hutchinson* has recently published an article dealing with 
relationship of drainage to rice soils showing that drainage is bene- 
ficial to the cropping which he ascribes to the removal by the drain- 
age water of the toxins produced by the decomposing manure, and 
also to the possibility of the formation of Nitrates. There can be no 
doubt that one of the functions of drainage is the removal of noxious 
substances from the sphere of the activity of the roots, as we have 
pointed out in Part I, but we are unable to agree to his theory of 
Nitrate production. 

‘ In the first place, if the good effects of drainage were merely 
due to the removal of toxins and the formation of nitrates from the 
Oxygen dissolved in the water then, within reasonable limits, the 
(|uicker the drainage the better should be the results obtained. Ijx 
our experiments the removal of water every second day cannot 
be looked upon as constituting an excessive rate of drainage, yet 
the results in cropping were very much worse than those produced 
by a slower rate of drainage. 

Purther the relation of Nitrates to well drained paddy soils 
has beenstudied by Kelly f in Hawaii who has shown that (1) denitri- 
fication is very rapid, (2) if Nitrates are present, poisonous Nitrites 
are produced and a concentration of the latter of only 5 parts 
per million of soil injures the crop, (3) rice seedlings are unable to 
assimilate Nitrates, and (4) Nitrates used as a manure show little or no 
effect and, in pot culture, stimt the growth. The evidence adduced 
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by Kelly goes to show that the formation of Nitrates in swamp 
paddy soils would not help the plant. 

In addition, when it is taken into consideration that in our field 
experiments we only found traces of Oxygen in the soil gases, the 
possibility of Nitrate formation is very remote, especially in the 
presence of large quantities of decomposing green-manure. The 
drainage of the fields experimented with was quite good so far as 
paddy soils go. 

The results of our aeration experiment would also appear to 
support the contention that Nitrates are not utilized by the plant, 
for, with admission of air to the soil, the fermentation of the green- 
manure would become more aerobic in character and the formation 
of toxic bodies reduced in amount, and, at the same time, the condi- 
tions would be more favourable to the production of Nitrates. The 
results, although showing some improvement with a slight 
amount of aeration, are not so good as those produced by 
simple drainage and in fact strong aeration leads to a decreased 
outturn. 


The relationship of Green-manuring to the aeration 
of the Roots. 

From the point of view of the South Indian cultivator the 
relationship of the green-manure, which he uses, to the aeration of the 
roots is of prime importance. Does the presence of this large 
quantity of organic matter in the soil tend to prevent efficient 
aeration of the roots or does it improve the aeration by increasing 
the activity of the surface film ? 

In a previous paragraph we have discussed the relationship of the 
film to those constituents of the soil gases which contain Carbon 
and w^e have indicated the possibility that these substances are inter- 
cepted by the film and are utilized in such a way as to promote 
increased activity. If this is the case, it would be expected that the 
increased fermentation going on in the soil owing to the presence of 
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greeii-manure would lead to a greater production of Oxygen by the 
film. That this is the case is shoAvn in the following table : — 

Table IX. 

Showing the 'production in cc. of Oxygen and Nitrogen in manured 
and unmanured, uncropped pots from December 23rd, 1912, to 

May 13th, 1913. 



Seeies I. 

Seeies II. 

Oxygen 

cc. 

Nitrogen 

cc. 

Oxygen 

cc. 

Nitrogen 

cc. 

Amount evolved from manured pots 

,, „ ,5 un manured pots . 

Increased evolution due to manure in per 
cent. ....... 

577 

391 

47% 

1,134 

702 

61% 

952 

634 

50% 

983 

788 

24% 


%/ O — K/ J 

48 per cent, in the presence of green-manure and that this extra 
gas was utilized by the crop is shown in the following table 

Table X. 

Showing amount of Oxygen in cc. absorbed by manured and unmanured 
ci'ops from February 2Uh, 1913, to April 23rd, 1913. 



Series I. 

Series II. 


Manured. 

Un- 

manured 

Manured. 

Un- 

manured. 

Oxygen evolved from cropped pots-^cc. 

„ uncropped pots — cc. 
Difference indicating the amount absorbed by 
crop . . . . . . “ 

r T , T 

93*8 

276*0 

182*2 

37*7 

180*2 

142*5 

31*6 

523*3 

491*7 

22*7 

391*1 

368*4 
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crop than by the unmanured crop to an extent, on the average, of 
31 per cent. Consequently, not only does the addition of green- 
manure to a soil lead to an increased evolution of Oxygen, but this 
increased amount is available and is utilized by the crop. Thus, 
apart from all considerations of manurial value or its function in 
altering the physical texture of the soil one of the most important 



f unctions of green-manuring lies in promoting an increased acticitg of 
the surface film ivhich leads to greater aeration of the roots. 

The practice of green-manuiing, so general in South India, 
is, therefore, quite sound in principle so long as there is drainage 
present in the soil. It is only when the drainage is deficient that the 
toxins produced during the fermentations are able to affect the 
growth of the crop detrimentally, and under these conditions, the 
green-manuring should only be undertaken after careful consider- 
ation and even then with great circumspection. 

Summary TO Part IL 

These investigations have led the authors to the conclusion 
that the surface film of algse, etc., which covers the surface of swamp 
paddy soils and which evolves large quantities of Oxygen, is the 
chief agent in causing the aeration of the roots of the crop. 

The Oxygen evolved by this film is dissolved in the irrigation 
water and thus produces a very highly aerated solution from which 
the roots derive the Oxygen essential for. them. In undrained soils, 
this solution does not penetrate into the soil, and, consequently, 
the roots are congested near the surface of the soil and the amount 
of soil from which they derive their food is therefore limited and tluj 
crop suffers. In drained soils this strongly aerated water ])enetrates 
the soil and the roots are able to penetrate to a greater depth. Tlie 
mass of soil from which the food supply is drawn is increased and 
the crop benefits in proportion. 

Too great a rate of drainage decreases the formation of the 
film and the aeration of the roots is thereby lessened. Tliere is 
therefore for all swamp paddy soils an optimum rate of drainage 
which protluces the greatest aeration and this rate of drainage is 
a comparatively slow one. 

Aeration of these soils by atmospheric Oxygen is not as eli‘ccti\'e 
in promoting root aeration as is aeration by the water draining 
through them. 

The use of green-manures in drained paddy soils induces a greater 
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In publishing the following account of tests of the error 
which occurs when taking a sample of sugar-cane from a field or 
plot, I desire to express my indebtedness to Dr. Gilbert 
T. Walker, c.s.t., p.r.s., for valuable suggestions as to the best 
mode of solving the problem, and to Mr. Gordon Canning, of 
the Parsa Factory, -for rendering facilities when sampling his 
fields of sugar-cane. 
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THE EXPERIMENTAL ERROR IN SAMPLING 

SUGAR-CANE. 


De. J. WALTER LEATHER, V.D., Ph.D., F.T.C., 
Imperial Agricultural Chemist. 


During the last four years tests have been made of the error 
which is involved when taking a sample from a plot or field of 
sugar-cane. It is generally known that, however “pure” and 
uniformly cultivated a plot of cane may be, all the canes, even 
among those which are apparently equally ripe, will not be alike, 
that variations occur among the canes and that consequently it 
is not sufficient to take some one cane as representing the whole, 
but that a number must be taken as a “ sample.” The question 
which is involved is then a perfectly definite one, namely, “how 
many canes must be taken and in what manner should these be 
selected from the field or plot ? ” 

Speaking quite generally, when a “ sample ” of any material, 
whether this is a crop in the field, or the harvested produce, or 
raw or manufactured article, is taken, the object in view is to 
select a small portion of the whole in such a way that the 
“sample” will represent the whole as perfectly as possible. This 
small portion or sample may then be examined by one means or 
another and the quality of the whole judged by the quality of the 
sample. 

Sometimes the material is homogeneous. For example, pure 
salt or pure saltpetre may be manufactured, or a liquid such as 
alcohol mixed with water prepared. In such case one portion of 
the whole will be of necessity precisely like any other, and hence 
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any small portion will truly represent the whole. In such a case 
no error is involved when taking the sample. 

Agricultural produce and manufactured articles generally 
are not homogeneous and for this reason one portion is not 
exactly like another portion. In fact, whilst in the ease of 
homogeneous substances any two samples must be necessm'Uy 
alike, lathe case of heterogeneous {i.e., non-homogeneous sub- 
stances) no two samples will be exactly alike ; this tact is very 

generally acknowledged. There is then among samples of agri- 
cu tural produce an error. The sample is taken to represent 
the whole ; no two samples are alike; and hence it is clear that 
since there is a divergence between the samples, no such sample 
can truly represent the whole; the difference between the 

quality of the sample and that of the whole is the error attach- 
mg to the sample. 

Ihe subject of taking a sample portion of a eomraodity is 
not a „e.v one, but until comparatively recent years the best 
mode of doing so has depended on the fancy of tlie person who 
IS interested. Latterly the subject has been examined inatheinat- 

L i n T r' so that 

laiicj and rule ot tin, mb ” may now be replaced by a more 
dependable “system.” 

In connection with agricultural work generally, theprobabil- 
itj formuhc have been very usefully applied in recent years,! 
and important deductions regarding the error which is involved 
not only in takmo- a .sample but also in respect of field and 

T 1 t 
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feeding experiments, have been made. Tims it has been show 
that ^uite small plots of 1/40 or 1/50 of an 


l.mrpo,se.s as accurate as those measuring 1/4 or l/-j acre 
feeding — ' ■ ' 


acre are 
/.) 


n 

for many 
that in 
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e.xperimente not le,ss than .40 animals should be included 
each lot: that in order to value a root crop sufficiently well, 


* St> 


L, G, L.uln'y, ,j. Inti, ^ Eng. Cheni., I noO'D im • \i r n.'iv , n 
Oliem. lad.. XXVHI (l«09). j a„,i .S. H. CoUlu, Ptoc. Ua’iv. oI ’Dtu.h.n.; Phil i/i’goS 


J, WALTER LEATHER. 


109 




about 100 roots must be taken to make a sample. The subject 
is particularly clearly dealt with in the first of the papers men- 
tioned, namely, that by Wood and Sti’atton. 

It is not appropriate to enter here iiito an exhaustive 
explanation of the theory of probabilities. The subject is very 
lucidly explained in text- books. It is perhaps best put to 
the agricultural reader thus. Supposing good pure seed of a 
particular variety of any crop is sown, the plants produced will 
in no case be all precisely alike, in fact, it is highly probable that 
no two of them will be alike. It is well here to emphasise the 
word “ probable,” because the case just taken illustrates the 
necessity of bearing in mind that we are dealing with probabil- 
ities and not with certainties. What is meant is simply that 
whilst some two of the plants may be alike, it is very highly 
probable that all will be different from one another. At the 
same time, given good seed of a pure strain, it will be found on a 
careful examination of each of the plants that a large propor- 
tion of them will be very much alike, whilst a smaller number 
will differ from the majority to a greater extent. 

SOGAR-CANE, 

What has been said in the last section about the variability 
in crops applies naturally to sugar-cane and it was merely neces- 
sary to decide on what method to make the tests and to carry 
these out, in order to arrive at a solution or partial solution of 
the question which had been proposed, namely, how a sample of 
sugar-cane should be taken. The question arises very frequently. 
The factory in India does not purchase cane according to qualit}^ 
but in some eases at least the manufacturers are very anxious to 
know what the general or average quality of different varieties 
is. These come to the factory so mixed that a fair sample of any 
one variety cannot readily be taken there. If, howevei’, a depend- 


* BMr example, A Text-Book on the Method of Least Squares ” by Mansfield 
MerTiman. Pub., J. Wiley & Sons, The Theory of Errors and Method of Least Squares ” by 
W.W. Johnson. Pub., J, Wiley k. Sons. ‘^Higher Mathematics” by J. W. Melior. Pub,, 
Longmans Green &: Co 
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able sample can be taken readily from a field, the quality of the 
cane could be ascertained. Again, there is the agriculturist who 
wishes to compare several varieties which he may grow side by 
side or he may wish to compare these with the same grown by 
cultivators, or he may wish to test the same variety grown by 
ryots in difierent villages — possibly on different soils. There is, 
too, the sugar specialist who may be growing from individual 
canes or from seed. To him the individual variation among 
canes must be of great importance as well as the average quality. 
In all events the same two questions really occur, namely, what 
is the individual variation, and what is the variation over a 
certain area, for without a knowledge of these variations one 
cannot decide’ how to sample the crop. 

During the first two seasons at Pusa, numbers of small 
groups of cane, such as three, six, or twelve canes in the group 
were tested, and from these the quantity of cane which would 
be required from a certain area was estimated. The result of 
this when compared with samples which had been taken on a 
quite different plan at Partabgarh, went to show what the prob- 
able error was in different cases, as also that the Partabgarh 
samples had been probably larger than was necessary. The 
result was, however, not altogether satisfactory and the work 
was at Dr. Walker’s suggestion continued in 1913 on different 
lines. 

It was assumed that the variation among canes might be 
attributed generally to two primary causes, (a) that due to the 
“ plant” and (b) that due to “soil.” It is to be understood that 
under these two terms are included all causes of variation, and 
hence either of them includes several factors. For example, the 
several canes of any one stool will not be all of the same age or 
the same degree of maturity or of the same size; such factors 
will naturally all be causes of variation ; these and any others 
appertaining to the plant are included in the first named group 
of causes. Similarly under the separate head “soil,” are 
included actually all other causes of variation such as accidental 
differences in cultivation, spacing, manuring and the like. In 
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fact it was merely thought that by so differentiating causes of 
variation the solution of the problem would be simplified. As 
the sequel shows, it seems probable that such a separation of the 
several factors is not possible. 

It was assumed that in any one case the field or plotjContained 
only one variety of cane, and whilst there is some evidence that 
this was not strictly true in all cases, the mixture such as it has 
been seems to have been very uniform. 

In order to ascertain the variation (a) due to “ plant,” it was 
assumed that if a number of canes were taken from a quite small 
area, the effect of the second factor (b) “ soil ” would be negligibly 
small. Accordingly the mode of operating was as follows : — (a) 
From one place in the plot successive canes were* cut roughly in 
concentric rings and analysed separately; as many as 120 
individual canes were thus dealt with in any one case at Pusa. 
Prom the test of these the variation exhibited by individual 
canes was calculated. With this information it was possible 
to form an idea of the number of canes which would be required 
in order to reduce the error of the mean to within certain limits, 
(b) If then this latter number of canes were taken from 
all over the plot, the error of the mean was expected to increase, 
the increase in error being due to the “soil.” If this latter 
variation were considerably greater than that due to the “plant,” 
it would be demonstrated by the increased probable error over 
that which was found under section (a). The work proved to be 
very considerable and in fact only three plots were tested at 
Pusa and four plots at a factory in the north of Behar, but it has 
resulted in a very clear indication of what the variation among 
canes is and what size of sample is desirable from a plot or field. 


Variation among individual canes. 

In order to ascertain the variation among individual canes, 
one cane after another was cut from a plot, the cutting starting 
from a centre and continuing from this concentrically. All canes 
were taken excepting (a) those young shoots which would not be 
harvested by a cane grower, and (b) those which were obviously 
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SO diseased as to be worthless. The former exception 
will be readily admitted. Regarding the diseased canes 
opinioirs will differ. Some might argue that no diseased cane 
should be included in this class of work. If diseased cane were 
readily detected by the ej'-e, the argument might be allow?ed. 
Such ready detection of disease is, however, far from being the 
case. Canes may have either fungus in them or an insect borer 
without showing it at least readily, and the greater part of any 
one cane may be quite sound. In any case the damage can often 
only be detected by splitting the cane throughout its length. 
Again, both at Pusa and at the Parsa Factory a very high 
proportion of the canes were diseased to a limited extent. It 
may be held that if such canes were included, a greater variation 
would be found than among entirely sound canes, and thus indi- 
cate the necessity of taking a larger sample of cane from 
a field than might in good sound cane be actually necessary ; 
such an error would, how'ever, be preferable to the reverse. 
Another objection to the separation of canes which might appear 
to be diseased would be that personal bias would come into play. 
It is most important in such work as this that the sample shall 
be taken as mechanically as possible ; any picking and choosing 
would only lead to wrong deductions. 

The canes were numbered as they were cut, and the following- 
determinations carried out : — 

(i) Bach cane was weighed, crushed, and the weight of 
juice recorded. 

(ii) The juice was clarified and the sucrose determined by 
direct polarisation. 

(iii) The glucose was determined in as many samples as was 
possible in the time available. 

From each of three varieties growing at Pusa, 120 canes 
were thus tested and the data regarding the sucrose in these are 
set out in Statements Nos. I, II, III {vide pages 113-- 115 of this 
memoir). It has been decided to publish these in detail because 
so little information of this nature is available in sugar-cane 
literature. 
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Statement No. I 


% Sucrose in juice of individual canes. Chinia variety. 

Pusa, 1913. 
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Statement No. II. 

Sucrose in juice of individual canes. 

Pusa,,l9ld. 


0 variety. 


e. Cane 

No, 

Sucrose, 

% 

8 41 

12*2 

2 42 

lO-O 

7 43 

9-9 

8 i 44 

14*1 

5 1 45 

i 15*3 

j 46 

i J5‘7 

I 47 

]6‘9 

1 48 

1 14*1 

49 

1 13-2 

50 

i 14-0 

51 

12-3 

52 

14*4 

53 

1 13*1 

54 

i 18-0 

55 

1 18-7 

56 

' 16*9 

57 

18*0 

58 

18*0 

59 

12*5 

60 

15*6 

61 

15*1 

62 

17*5 

63 

16*5 

64 

10*7 

65 

12*5 

66 

18*7 

67 

19*3 

68 

20*3 

69 

14-0 

70 

15-4 

71 

15*9 

72 

13*6 

73 

15*1 

74 1 

12*3 

75 

14*4 

76 

14*4 

77 

14*9 

78 

16-2 

79 

19*0 

SO 

15-8 
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Statement No. III. 

% Sucrose in juice of individual canes. Khan variety. 

Pusa, 1913. 


Sucrose, 


Cane 

No. 


Sucrose, 

% 


(Jane 

No. 


Sucrose. 


Cane 

No. 
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Statement IV. 



% Sucrose in juice of individual cams — Par so,, 1913. 


Striped tana. 

Khari. 

Bhdeli. 

Ekri, 

Cane 

Sucrose, 

Cane 

Sucrose, 

1 Cane 

Sucrose. 

Cane 

Sucrose. 

% 

No, 

/o 

No. 

% 

1 No. 

% 

No. 

1 

16*5 

1 

14*0 

1 

21*9 

1 

14 *2 

2 

15*7 

2 

— 

2 

20*8 

2 

12*1 

3 

16‘8 

3 

12*5 

3 

13*1 

3 

14*5 

4 

16*6 

4 

13*3 

4 

20-7 

4 

11*7 

5 

15'8 

5 

15*4 

5 

20-9 

5 

11*5 

6 

14*5 

6 

17'0 

6 

20*0 

6 

12*4 

7 

18*1 

7 

6*2 

7 

22*1 

7 

16*4 

8 

18*1 

8 

16-3 

8 

13*5 

8 

13-8 

9 

17*4 

9 

10*5 

9 

19*7 

9 

11*4 

10 

18*3 

10 

10*5 

10 

21-3 

10 

13*2 

11 

19*4 


15*8 

11 

22*0 

11 

12*5 

12 

17*9 

12 

15*7 

12 

20*6 

12 

13*9 

13 

17*6 

13 

14*8 

13 

20*6 

IS 

1*2*6 

14 

17*0 

14 

16*1 

14 

8*8 

14 

11*8 

15 

16*9 

15 

14*4 

15 

17*8 

15 

9*9 

16 

17*8 

16 

12*0 

16 

20*6 

16 

11-6 

17 

1 8*4 

17 

13*5 

17 

20*6 

17 

12*7 

18 

17*3 

18 

12*0 

18 

19*1 

IS 

1 10*6 

19 

19*8 

19 

13*8 

19 

12*3 

19 

11*1 

20 

14*4 

20 

18*2 

20 

19*7 

20 

11*2 

21 

22 

23 

24 

25 

18*3 

17*0 

17*5 

18*1 

17*3 

21 

22 

23 

24 

25 

15-0 

17*2 

1 16*1 

13*7 

10*5 

21 1 
22 
' 23 

24 

25 

' 19*3 

21*6 

19*2 

14*1 

10*2 

21 

22 

23 

24 

25 

14*0 

11*2 

1 12*2 

13*2 

12*9 

26 

17*2 

26 

14*6 

26 

9*3 

26 

33*8 

27 

28 

29 

30 

31 

32 

33 

34 

35 

36 

37 

38 

39 

40 

17*6 

14*1 

11*9 

14*4 

17*5 

18*3 

15*9 

15*2 

11*8 

17*6 

19*2 

18*1 

18*7 

15*0 

27 

28 

29 

30 

31 

32 

33 

34 

35 

36 

37 

38 

39 

40 

16-5 

6*9 

16*0 

13*3 

17*0 

18*5 

18*0 

17*2 

14*6 

15*4 

16*3 

5*0 

15*4 

27 

28 

29 

30 

31 

32 

33 

34 

35 

36 

37 

38 

39 

40 

21*4 

18*0 . 
22*4 

22*2 

20*7 

19*4 

20*0 

19*4 

20*0 

20*1 

17*8 

19*1 

18*4 

19*4 

27 

28 
•29 

30 

31 

32 

33 

34 

35 

36 

37 

38 

39 

40 

32*1 

12*5 

12*3 

12*9 

13*1 

14*4 

10*9 

14*7 

12*7 

12 8 

13*3 

12*6 

11*4 

15*9 , , 



From these data the probable error r of the individual and 
the probable error of the mean r^ have been calculated. These 
are tabulated in the subjoined statement No. V. 
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Statement No. V. 


Glucose, 


Variety, 



r 

Moan % 

7’ 

■0 

r 

Mean % 


r 

Mean % 

o 

Cliinia 

±2-80 

68 '6 + 

•26 

±1-92 

12-3, 6 ± 

•17 

±•294 

V25 ± -040 

Mungo 

±4T8 

65'3 -t 

•38 

±n92 

15-17 ± 

•17 j 

±•317 

1 

•73 ± -044 

Khari 

±3-2i 

63-4 ± 

•30 

±1-53 

15-.58 ± 

■•24 

! ±-101 

i 

•27 ± .(,,4 


in order to estimate the value of these tests it is best to 
compare the number of canes of each variety which proved to 
come within the limits of M i r. For this purpose the per- 


centage of sucrose is taken. 


Statement No. VI. 


Number of Canes within Limits 


Station. 


Variety. 

Found. 

Ex:pected. 

Pusa 


Ohinia. 

61 

60 

Bo. 


Mungo. 

58 

60 

Do. 


Khari. 

65 

60 


It is evident from these cornparisons that there was not 
only a large variation among individual canes, but also that the 
number examined was not quite sufficient to admit of the 
numbers agreeing well with the laws of probability. 

After testing these varieties at Pusa and 'completing the 
corresponding tests on the larger plots of the same cane which are 
described subsequently, the investigation was transferied to the 
Parsa Factory, for it was obviously desirable to bring into the 
comparison the variations among canes grow'ing under other 
conditions and where possibly disease would be le.ss severe than 
at Pusa. It was, how^ever, only necessary to ascertain whether 
the variation at Parsa w^as markedly different from that at Pusa, 
because if the difference proved to be only slight, the Pusa data 
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would be substantiated. Hence, and also because testing large 
numbers of canes is very tedious, only 40 individual canes of 
each variety were tested at Parsa. Moreover the mills available 
were much less reliable than that at Pusa and the record 
of percentage of juice was consequently of little value. The 
glucose could not be determined. The results are set out in the 
statements Nos. IV and VII. 

Statement No. VII. 


Variety. 


Sucrose. 


Mean %. i 


Striped Tana 

±1U8 i 

16*88 

±•19 

Khari 

±1-81 i 

14*19 

±•29 

Bhurli 

±2-19 j 

18*70 


Ekri ... 

±. -92 ! 

12*76 

±'I4 


The numbers of canes which fell between the limits were 
as follows ; — 

Statement No. VIII. 

I ' 

j Number of canes within limits 


Expected, 


Striped Tana 
Khari ... 
Bhurli ... 
Ekri 


The individual variation was therefore so far as one can 
tell from these small numbers quite as great at Parsa as it had 
been at Pusa. 

To this however may be added the following comparison 
of analyses of individual canes.* In the chapter on Sugar- 
cane, van der Stok quotes the results of analyses of individual 
canes from plots of two sorts, which had grown very uniformly. 

Pie Zilchtung der landwirtschaftlichen Knlturpflani^en. C, B’ruwirth, Vol. V, p, 18. 
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VOTiety'No. 228 

% Sucrose 
' of canes 


Variety No. S 

% Sucrose 
No. of caiie! 


The exact percentage of each is not giv 

tion that it was midway between the liii 
following values for the individual vari 
lated : — - 


Variety No. 228, 


Expected 


In this series the correspondence betw 
and expected is much closer than that foui 
canes ; a result which is in part attributi 
having been tested, but also no doubt to t 
in the quality of the crop. It is thus 
variation among individual plants is to be ( 
valuation among • the canes at Pusa and < 
an abnormal one. Kobusf also found tt 
among the canes of a stool to be so giej 
necessary to test the whole in order to o 
value. 


90 and 91 (1906) ; Sttgar*cane by Noel Deerr, p. 12. 
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: j j j, Variation due to Soil. 

i . ' Having obtained the foregoing information as to individual 

I : ’ variation, it was decided to proceed with tests of the variation 

■* : due to “soil.” But here a departure from the originalintention 

, ‘ : was practically necessitated. This had been to take from all 

over the plot, in as well distributed a manner as possible, such 
a number of canes as would reduce the error due to “ plant ” 
i to very small limits. It had been intended to take three or 

’ j four times the number which the work on the individual variation 

• , indicated. The individual variation had shown that with 120 

Is i canes the probable error of the mean was = ±-n in two 

|! i eases and •1:-14 in the third. This error had proved to be in fact 

1 , a great deal larger than was hoped would be the ease. If the 

error due to “ soil ” should pi’ove to be considerable, then a number 
: ; . of times this many canes must be taken in order to determine 

I ! its value. 



Probability 



be expected to be wrong by more than "5 per cent, sucrose in one 
case or sample in 20. 

It is a question for the experimenter to decide for himself 
within what limits of accuracy he wishes to ascertain the mean 
value of his plot of cane, but with the experience which had 
been o-ained at Pusa over three seasons, and at Partabgarh, 

O 

as well as with the West Indian canes, it appeared probable that 
a much higher degree of accuracy than -5% of sucrose would 
be difficult to secure. 

With these various considerations in mind, it was decided 
to test in the first place the value of a sample of about 200 canes 
in each case taken over the whole of a plot, and to depend on 
duplicate mmples to show the probable error. The value of 
duplicate samples in such a case as the present is only consider- 
able when a number of such tests is made. For example, suppos- 
ing duplicate samples from the first plot had been taken and it 
had been found that these were very similar, that is, that the 
difference between them was only quite small, it would not have 
been admissible to argue that this was sufficient for our purpose, 
because agreement between duplicates in an isolated case might 
readily be accidental. The value of the difference between 
duplicates only rises when the number of such duplicates is great 
enough to yield a dependable mean value for the differences. 
Given, however, a sufficient number of such duplicates, they form 
the most reliable test of the error in sampling. This error is 
naturally due to all causes of variation, which have been classed 
as (a) due to “plant” and (&) due to “.soil.” By the tests of 
120 canes the error due to («) had been, it was thought, 
approximately ascertained ; hence it was expected that the error, 
now to be measured bj^ a series of duplicate samples, would 
be greater because all causes of error, both “plant” and 
“soil,” were included in it. These samples were not always 
taken on the same day or by the same assistant, but they were 
always taken from different places in the crop. The increase 
in number of canes from 120 to 200 would not, so far as 
probabilities are concerned, reduce the error due to individuality 








very much because the probable error is expected to vary 
inversely as the square root of the number of canes ; in fact, it 
would have but little effect on the result if the number actually 
taken were 150 or 250 canes, but it would act as a security that 
the value of the error due to the “ plant ” would not be greater 
when these were taken from over the whole area than it had been 


found in the one spot. 

It is now necessary to mention one factor which is very 
essential when taking these canes. It has been pointed out that 
there must be no “ picking and choosing.” The canes must be 
taken as mechanically as possible. If the individual canes were 
well spaced, as for example in a root crop, there would be no 
difficulty. It would be merely necessaiy to decide that x canes 
are to be taken from area A, at uniform intervals ; the number 


from each row, taken at specified intervals in the row, could be 
stated, and those canes situated at the specified positions cut 
out. But on measuring from the end of a row of cane to a 
specified distance along the row, thei'e is usually found not one 
cane, but several canes all approximately equally near to the 
specified point, and it would be open to the person who is 
sampling the cane to select a certain cane. Now it is just this 
selection which must be avoided if a true result is to be obtained. 
Consequently it was decided this year, as also in preceding years 
at Pusa, that this difficulty could only be overcome by taking 



not one but several canes from any specified point. Thus on 
laying down the measuring chain or tape at the required point, his 
orders were to cut (in 1913) those three canes which came nearest 
to the measured point. These might belong to one stool or to 
two. In some cases only a single cane, in others only two canes 
would occur near the point in question, in which case these were 
taken ; or in some eases there was found no cane for several feet 
distance, in w’hich case no cane \vas to be taken. It may be 
thought that it would often happen that the three canes would 
come from the one stool and that among these the variation 
would be materially less than among canes from different stools. 
This may be so, but the evidence provided by the tests of 
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iuclividuality indicates that this is not the case. Since it was laid 
down to take about 200 canes in lots of three, it followed that the 
sampler had to take three canes from about 70 places. These 
were to be as evenly distributed over the plot as could be con- 
veniently arranged. Hence for an approximately square plot the 
number of rows was divided by 8 or 0, and 9 or 8 lots of three 
canes each taken from approximately equidistant points in each 
of the specified rows. In case the plot was not square, the distri- 
bution of the points from which to cut out the cane was made to 

suit tho dimensions. . 

Commencing with an area of xcr \aiie- 

ties and taking two such samples in each case, it was found that 
the probable error of any one sample was not greater, but actually 
less than that found from the tests of individual canes, that is, 
the error due to “ soil ” variation seemed to be negligibly small 
on at least this area. Next duplicate samples were taken from 
or acre of the same varieties, when again the probable error 
of the sample was found to be not greater than that due to 
individuality. Finally the area was increased to 1 acre when a 

like result was met w'ith. _ _ _ 

With this experience from Pusa to guide one, it was decided 

to sample 1 acre at Parsa where this was possible; in one case 
the whole area of the plot was only acie. 

The results thus obtained at Pusa and at Parsa may now be 

tabulated 
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Statement No. IX. 

Ihe results obtained from duplicate samples. 


1 ' ::s;:;=;=== 

1 , ' 

Yariet}’. 

i 

i l ■ : 

I Area 
j acre. 

iVumberofl 

uanes taken ^ ®- 

for each “1“'* 

sample, j ^ 

Sucrose, 

Mean 

o/ 

/o 

Glucose. 

Mean 

j /o 

1 

. 

Oliinia (Pusa) 

a{ 

151 

129 

j ■ 

j 67-15+ -90 

11*55^1: *C60 

1-33+ -012 

Ditto 


S47 

S33 

1 66 6 +1-31 

10*40+*0i8 

I *45 + *012 

1 ' Ditto 

! 


1S6 

168 

) 65-9 + -36 

11*0 ±;mi 

l*40_f 

Mungo (Pusa) 

A j 

215 

216 

j- 55*8 +_ *84 

13*774:. *030 

1 •01^-012 

1 Ditto ... 1 


188 

189 

1 58*1 f- *84 

12-75jf-179 

*94 + *018 

Khari (Pusa) ... ! 


202 

184 

1 65*21 f ‘61 

13*34j:^*036 

*76 + *018 

, i Ditto ... ' 


235 

230 

} 66-7()+ -21 

12*01j:;19l 

1 '36+^*119 

. Ditto ... ! 

t ' ; 


214 

215 

[ 64 "25+ -00 

12*96,:r*137 

1*20+ *143 

Khari (Parsa) 


212 
210 j 

} 

I 

13-3S4:*155 { 


Bhiirli (Parsa) 


210 ^ 
210 1 

i 

} 

20*644:‘n4 



: Ekri (Parsa) ' 


205 i 
204 j , 

[ 

13*504:‘173 j 


/j . Bausgira ( Parsa) ... ' 


186 1 
180 1 

f 

16*614::,*179 | 



The probable error, r, is that derived from duplicate samples, 
and corresponds in a measure with the probable error of the mean 
of the individual canes ; not rigidly because the latter was not 
‘‘weighted” with the weight of cane or the percentage of 
juice, but no large mistake will be made by a general comparison. 
If then the values under “ sucrose r/’ of Statement No. V are 
compared with those of “sucrose r” of Statement No. IX it 
will be seen that the latter are generally the smaller though 
there is no marked distinction. 

The Probable Error of a Single Measure. 
krom the differences obtained between the duplicate 
samples, the probable error of a single determination of sucrose 
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over any area up to 1 acre may be calculated from the 
equation * 

= 4 ^ •4769yAL^' 

The value of p, the weight of any pair of determinations, might 
for all practical purposes be taken as unity. But in order to 
weight the tests, and especially since a majority of the per- 
centages of sucrose are comparatively low, the unit 15 per cent, 
sucrose has been assumed and the following obtained, the efiect 
of area being assumed to be nil : — 



Statement No. X. 




Vakiisty. 

! 

Area. 

• acre. 

Sucrose 

mefui 

/o 

Difference 

between 

Duplicates. 

Weighted 

Difference 

d. 


Chinia 


11*53 

•10 

•13 

■01159 

Do. 

1 

. ; j 

10-10 j 

•03 

*04 

•0016 

Do. 

Mungo 

1 

! 

TO 

11-00 1 

13-77 ' 

•20 

•05 

•27 

•05 

•07*29 

*0025 

Do. 

A 

1 

12*75 , 

•30 

*35 

•12*25 

Kliari 

iV 

13-31 

•06 

*07 

•00-49 

Do. 

i 1 

12*01 

*32 

•40 

•1600 

Do. ■ 

1 

12-96 

•23 

•27 

•0720 

Do. 

1 

13*38 

•26 

•29 

•OS-ll 

Bhiirli 

1 

20-64 ' 

•19 

•14 

•0196 

Ekri 

1 

13*50 

*29 

•32 

•10*24 

Bansgira 

I- 

16-61 

•30 

1 

•27 

•072) 

= -7332 


r = -4769 +-L18 

which may be taken as the best value one can at present deduce 
for the probable error of any determination of the percentage of 
sucrose in the juice of a sample of cane taken in the maiinei 
described from areas up to 1 acre. The probable erioi ± 118 
indicates that the probability of an error exceeding x 5 is only 
5 in 1,000 samples. 


Merriman, p. 108. Collins conf.j 
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The value of smaller samples. 

After finding at Pusa that the probable error of ^a sample 
which included about 200 canes was so small, it was decided that 
the best check on its reliability would be to take conMderably 
smaller samples. The value of the probable error is expected to 
vary inversely as the square root of the number of canes ; thus 
it should be doubled if the number of canes were reduced to one- 
fourth. Accordingly duplicate samples of about 50 canes, taken 
in the same manner as before, that is three canes from about 
16 or 18 places uniformly distributed over the plot, were employed 


and the following results obtained : — 

Statement No. XI. 

Comparison of small with large samples. 


Variety. 

Area 

acre. 

Number 
of canes 
in each 
sample. 

duice. 

% >' 

Sucrose. 

% >■ 

Glucose. 

% >■ 

Chinia (Pusa) 


186 \ 
mf 

6.5-7 i -36 

11-0 ±-12 

1-40 :t A i7. 

Ditto 



67-1 + -12 

11-19 ± -30 

l-So±. ‘071 

Mungo (Pusa) 


ISSl 
189 } 

58-1 ±*84 

12-75 ±-18 

•91 ± -018 

Ditto 


48^ 

47? 

59-67 ± -02 

13-23+1-27 

■67 + -118 

Khari{Pusa) 


214 1 

215 f 

64-25 ± -90 

12-96 ± -14 

1-20 ,±., *143 ; 

Ditto 


48 1 
48 1 

66-00 ± -24 

18-66 J: il 

-99 + -179 

Khari (Parsa)i 


1} 


13-38 + -15 


Ditto 


i} 

i ■ ...... 

14-61 ±-18 


Bhurli (Parsa) 


2101 
' 210 f 

!'■ ^ 

•20-64 ± -11 


Ditto 


45 1 
45 ? 


19-86 ± -36 


Dkri(Pavsa) 


2051 
204 f 


13-50 ± -17 

...... 

Ditto 


521 

54? 


1-2-44 ± -51 


Stripod Tana (Parsa) -• 


186 1 
180 1 


16-61 ± -18 

1 


Ditto 


48 1 
48 j 


, 16-65 ± -30 





Thus so far as cau be demonstrated by any small series of 
tests, these show almost uniformly a marked increase in the error 
when the size of the sample is seriously reducedhelovv 200 canes, 
a result which naturally increases the dependence that may be 
placed on the deduction in regard to the necessary size of the 
sample. The probable errors in the percentage of juice form the 
chief exception, but a bullock -power sugarcane mill is too imper- 
fect an implement for accurate work and its results cannot be 
allowed the same weight that the other determinations deserve. 

The probable error of a single sample, when only about 50 
canes are taken, is, after weighting the individual values for 15% 
sucrose, ±'508, or an error of about ±2'0 might be expected in 
5 out of 1,000 samples. 

With these some of the tests which were made in 1910 and 
1912 may be compared. Here bundles of three canes each were 
tested separately and the mean percentage of sucrose and its 
probable error ascertained. The comparison is not a rigid one 
because the percentas'e of sucrose was not “weighted” for the 


Number of 
canes. 


Sucro.«e, 


Ditto 


Ditto 
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Statement No. XII. — {Continued.) 


Variety. 

A rea 
acre. 

Number of 
canes. 

Sucrose. 

% n 

lied Mauritius 

•103 

57 

13-60 ± -47 

Ditto 

*077 

15 

15-32 + - 1.5 

Ditto 

•250 

36 

15-08 ± *21 

Striped Tana 

•052 

30 

15*03 ± -25 

Ditto 

•129 

72 

13-92 ± -11 

Hernja 

•250 

^8 

14-16 ± *46 

Ketar 

•250 

IS j 

13-90 V -32 

Mungo 

•250 

18 

15*20 ± -32 ■ 

Khari 

•250 

48 

15 48 ±' -32 


Naturally some experimenters with sugar-cane may be able 
to grow cane considerably more uniform in quality than the Pusa 
or Parsa varieties or those which are quoted from Java. Suppos- 
ing for example the individual variation in sucrose were not 
greater than +1‘0, then calling the Pusa and Parsa variation 

/1-92 + 1-92 -1- 1-53 + 1-18 -H-81-f 2-19 -f--92\ , , 



(ex Statements V & VII) 

it would be reasonable to expect that the sample might bo 
/] *0 

reduced to about x 200 = 74 canes, taken as uniformly 

over the plot as possible. 

For the sampling of very small plots, such as a few stools 
only of one variety, nothing definite can be said except that 
either a very high pi’oportion of the whole would have to be 
crushed or a large series of individual canes must be tested in 
order to obtain a reliable mean value for the whole. 

It is of interest to examine the errors which are involved 
when much larger quantities of cane are taken as the sample. 
At Partabgarh* the method adopted by Mr. Clarke was to 
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cut out the whole of every fourth row of the plot aud to crush 
this. Such samples weighed from about 500 to more than 
1,200 lbs. of cane fi’om I/IO acre plots, the crushing of which was 
executed as rapidly as possible. The data published admit- of 
the probable error of the individual sample being calculated, and 
these, in the ease of the sucrose, are set out in the following 
statement No. XIII. 


Statejient No. XIII. 

Showing the gyvohcihle error in the sucrose of samples of 
cane at Partahgarh. 


Plot No, 

I. 

ir . 

III. 

IV. 

V. 

Yl . 

VII. 

VIII. 

IX. 

X. XI. 

1908-1909 

±•17 

±*13 

±* 3 T 


±*16 

_±‘17 

±‘16 

±‘27 

±•11 

±•13 ±‘13 

1909-1910 ... 

+ •15 

±•18 

.± -4 

±* 1 - 

±*26 

±’66 

±’10 

±‘11 



1910-1911 ... 

±•16 

-1--30 ! 

! 


±•13 

±’11 

±•10 

-h -15 





It is evident that no greater precision was attained by 
crushing these very much larger samples than by the use of the 
smaller samples at Pusa and Parsa, and one is driven to the 
conclusion (since it is improbable that the cane was less uniform 
at Partabgarh than at Pusa) that other sources of error come 
in when trying to deal with such large samples, which are less 
pronounced when dealing with small samples. 

The foregoing work has not answered the question which, 
was raised regarding the effect of “ soil” as distinct from 
“plant” on the variability of the cane. On page 121 it is, 
explained that the error found from duplicate samples wa,- 
expected to be greater than that which represented the variation 
due to “plant,” because it includes also the effect of “soil.” 
In the event this has not been found* to be the case. It may 
be that the effect of “soil” is only small. For example in 
the Chinia cane, whilst the percentage of sugar varied among 
individual canes from 6 to 17, the maximum variation among 
composite samples from different parts of the field of Chinia was 
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only iO‘4 to 12 "4, Avhich comparison, taken rigidly, would form 
a i)root that the eifect of “ soil ” is only small. At the same 
time there is nothing to show how much or how little the “soil ” 
aftected the quality of individual canes. As has been already 
stated (p. 110) the idea on which the series of tests was planned 
was that if a series of individual contiguous canes were taken, 
the area of land involved would be so small, that its effect on the 
variation would be only nominal and might be neglected. 

It may here also be emphasised that we are concerned with 
the effect of the soil on the variation in the plant and not direct- 
ly with soil variations. The idea is set out grapliieally by means 
tie compouna cuive in the upper part of the accompanying 
chart. The plain curve A. D. represents such variations in the 



mean quality of sugarcane as one might expect to meet with in 
any straight line across a field. Over this is superimposed a 
second curve abed. ...... The amplitude of this curve 

represents the variation due to all causes within a quite small 
distance such as 2 yards ; it was this group of causes which was 
styled “ plant.” The amplitude of the curve A. I). represents 
the menu variation across thelfield ; it would include all cause, s 
of variation, but would be obviously principally due to soil. 


i 


< 
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In the event, however, the variations have been found to be 
quite different from this illustration, and are more truly repre- 
sented by the curves in the lower part of the chart. The 
variation b-y in any small distance is far greater than is the 
mean varia'tion y-B across the field. 

The actual area from which the 120 canes were taken was about 
1 60 sq. ft. But the assumption that variation due to “ soil ” within 
this small area is negligibly small may be quite unsound ; it may 
indeed for anything we know be nearly as great as in the whole 
field. Such a suggestion does not agree perhaps with preconceived 
ideas in regard to variation due to soil, but the whole of the in- 
formation in regard to effect of soil on the variability of crops is 
in fact so limited that there is nothing unreasonable in the 
suggestion that it is neai'ly as great in 1 00 sq. ft. as in a whole 
acre. If this were so, then the variation which was ascertained 
from an examination of individual canes was in reality due to all 
causes and not to “plant” only. The assumption that the 
causes of variation could be isolated on which the tests Avere 
planned, would thus be shoAAm to be impossible of achievement in 
practice. One other comparison may, however, still be made. 
If the effect of “ soil ” was largely included in the variation 
found among individual canes, then the magnitude of the eiTor 
found on one acre should not be materially greater than on 
1/10 acre. In point of fact it AA^as usually somewhat greater (see 
Statement IX), but there are exceptions and in any case the 
number of instances (three) from Avhich to judge is so small that 
a reliable conclusion on this point is not admissible. 

In regard to the effect of “soil” on the variation of crops 
generally, reference may here be made to Wood and Stratton’s 
paper, pp. 434 et seq., Avhere it is shown that for at least certain 
classes of experiment, the error on quite small areas such as 1/40 
acre is as small as on much larger ones. The authors attribute 
this to the fact that Avhilst errors due to plant variation, Aveighing, 
measui’ing, etc., are reduced on a large area, the error due to soil 
variation is increased and that the advantages and disadvantages 
neutralise one another. It is, hoAA'ever, quite as legitimate to 
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argue that the A’ariations due to “plant” and to “soil” are 
substantially equally great on small areas as on large ones, whilst it 
is certain that weighing and measuring may be made as accurately 
on small as on large areas. In any case the evidence that is 
available at present is very limited. 

Will it then be suggested that, if all causes of variation are 
operative within an area of (say) 160 sq. ft., it is unnecessarj^ to 
take cane from over the whole area in order to measure the 
average value of the whole crop 'i The answer is that it is 
necessary to do so. It cannot be too carefully recollected that 
we are dealing with variation from a mean value ; not with an 
actual value ; our object being throughout to ascertain the size of 
the sample which should be taken. The ease is best illustrated 
by two examples. Consider one variety of cane growing in two 
neighbouring fields, the one a clayey, the other a sandy soil and 
of equal areas. Assume that these crops of cane are sold to one 
purchaser and that the price per ton is to depend on the mean 
quality of the cane in the two fields. Assume that the variation 
in each field is known to be the same, namely, +•17’. The actual 
quality of the cane maj’-, however, be quite different in the two 
fields ; for instance, the sucrose might be, say, 2% higher in the 
one than in the other. The value ±-]7 indicates what size 
of sample must be taken in order to ascertain the mean value 
of the cane in either field. But we desire to take one com- 
posite sample of the cane from the two fields, and it is 
obvious that one-half the sample must be taken from each field. 
Or again consider the case of two varieties of cane-ffrowino' 
in one field of the same class of soil, the areas being equal. 
Assume that the variation in each is known to be 2. This 
information indicates the necessary size of the sample required in 
either ease. If one composite sample of all the cane-growing 
in the field is required, it is obvious that one-half must be taken 
from each variety. It is in fact essential in all cases of sampling 
materials, whether agricultural or not, that the sample shall be 
made up of portions taken from every part of the whole ; the 
size of each portion, the number of such jDortions, the mode in 



which they are taken are, however, matters which will vary. If 
the mean value of a field or plot of cane is to be a.scertained, 
portions must be taken from all over the area. This is also 
illu.strated by the chart. It would not be correct to take the whole 
sample from say a few square yards about the point A, or B, 
although a sample of say 200 canes at either place would be 
sufficient to extingui.sh the major variation. Taken at A the 
.sample would test too high ; at B the reverse result would bo 
experienced. 

Although as has been clearly pointed out we are not dealing 
directly w-ith soil variations, it is obvious that the effect of soil 
on variations in the plant must be closely allied to such soil 
variations. If these were all understood and could be stated 
numerically, it might be possible to compare each or some of 
them with the plant variations. In point of fact this is far from 
being possible. Reference may, however, here be made to soil 
nitrates. A record was maintained at Pusa some years ago of 
the amount of nitrate in the soil of a small field throughout a 
year, and one of the facts which was apparent was the very 
considerable variation in the amount of this constituent, at the 
same time, from foot to foot in the soil in any direction, laterally 
as well as vertically. And if the amount of nitrate varies greath’- 
within short distances, it is rea.sonable to at lea.st raise the 
question whether other factors of fertility do not also vary 
similarl}’. 
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NOTE 

In a former paper* it was shown that rice varieties could be 
roughly distinguished by disintegrating the grains with Alkali. 

In the present paper a new method is described by means 
of which rice varieties can be distinguished from one another by 
diiferences in the quality of their starches. 

It is shown that the cooking quality of rice is correlated 
with starch quality. 

The paper consists of two parts. 

In the first part the method of fractional liquefaction for 
comparing rice starches as devised and tested by me is described. 

The second part contains an application of the method to 
the dilferentiation of the starches of seven common rice varieties 
of Burma. This part of the work has been carried out in 
co-operation with Mr. Darabsett. 

F. J. WAKTH, 
Ag.hicultdeal Chemist, Burma, 

Mandalay. 

Warth and Darabsett, SS. 












THE FRACTIONAL LIQUEFACTION OF 
RICE STARCH 


BY 

F. J. WARTH, M.Sc. 

Agricultural Chemist, Burma, 

AND 

D. B. DARABSETT, B.Sc. 

Senior Assistant to the Agricultural Chemist, Burma, 

PART I 

FRACTIONAL LIQUEFACTION OF RICE STARCHES 

Starches of diflPerent cereals are generally distinguished from 
one another by the size, shape and optical properties of the 
granules. 

It has been shown that they may also be distinguished by 
their unequal resistance towards amylolytie enzymes and in pos- 
sessing different liquefaction (or so-called gelatinisation) tempera- 
tures. 

Among the numerous publications showing the differential 
effect of enzymes upon diffei’ent starches, the following by Stone', 
J. O’Sullivaff and Wolff and Fernbach® are perhaps the most 
important. 

Among the earlier determinations of the liquefaction tem- 
peratures of starches Lippmann’.s" figures were obtained by 


1 


1 Stone, W. E. U. 8, Agvi, Dept,, Office Expt, Stas. Sulk J54:, 1896. 

2 O’Sullivan, J. J. C, 8, Tram., 14)04, p. 616. 

8 WolS and Fernbaoh, Coinpt, Itend. 1907, 144, p. 645, 

4 Lippmann quoted by Konig. Ckeniie der nictisclilichen N. 4' 
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observing’ with the aid of the microscope the points ot incipient 
and complete rupture of the granules. 

This method has lately been utilised for the same purpose 
by Nyman’’ who used the mieropolariseope and for end point 
observed the disappearance of the interference crosses. 

Nyman found that the younger granules were more easily 
ruptured than the older. 

He showed also that by prolonging the action of heat the 
process of liquefaction took place at a lower temperature. 

C. J. Lintner' studied the action of diastase on ungela- 
tinised starch at different temperatures. 

His work was continued under slightly modified conditions 
by Von Sigmond” who showed that considerable differences 
existed in the liquefaction temperatures of different starches. 

More recently it has been pointed out by Wolff and Fernbach® 
that the starch of the pea consists of two distinct fractions. 

In commencing work on the starches of rice varieties it had 
to be assumed that the diflerences to be looked for (if indeed 
any existed) would not be so marked as those found by experi- 
menters who compared starches derived from very different 
sources. 

As the methods employed by previous workers were not 
likely to be sufficiently precise to enable measurements to be 
made of relatively small differences some new method had in the 
first place to be devised. 

I decided to compare the starches by a process of fractional 
liquefaction at different temperatures. 

After various trials the following method was adopted. 

A definite weight (usually I gramme) of the finely 
divided substance is stirred up with 70 c.c. of water and main- 
tained at the desired temperature for one hour with regular 
stirring. 

5 Nyman, Z, Unten^ JV. G. 1912. 

6 Lintner, C. J, — Woch-Jir, Chem. OenthL, 1890-1 — 500. 

7 Von Sigmond. Chem. Cenfbl,^ 1897-2— 6U, 

8 Wolff and Fernbach— 1905, 140. 
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All the stareh liquefiable at that temperature is thereby 
converted into a paste in which the unaltered starch granules 
requiring a higher temperature for liquefaction remain suspended. 

The liquid is cooled, water added to compensate for evapora- 
tion, 10 c.c. malt extract are run in and the conversion allowed 
to proceed for two hours with regular stirring at 30° C. 

The unaltered stareh granules presumably remain intact 
whilst the paste is dissolved forming maltose and dextrin. That 
erosion of starch granules does not take place to a measurable 
extent under the conditions of the experiment will be seen in the 
sequel. 

The liquid is made up to a definite volume and filtered with 
kaolin. 

An aliquot portion of the filtrate is hydrolysed with hydro- 
chloric acid and the glucose content determined by Fehling 
solution using permanganate for estimating the cuprous oxide. 
From this figure the amount of starch liquefied at a given tem- 
perature may be calculated. 

80° C was chosen as a convenient temperature for all conver- 
sions with malt because it is sufficiently low to give practically 
no erosion whilst it is high enough to allow complete conversion 
and to prevent the possibility of reversion. 

The method resembles somewhat that employed by Lintner 
(loc. cit.), but as the object of the work differs so essentially 
from Lintner’s enquiry one important distinction in the procedure 
should be remarked upon. 

With the object of making the effect of the malt constant 
throughout, all the malt conversions in the present work were 
carried out at the same temperature. 

Lintner malted at different temperatures because his intention 
was rather to study the effect of temperature upon malting. 

The present enquiry was commenced before the publication 
of Nyman’s paper, but the time factor noted upon by him was 
fortunately foreseen and allowed for as well as possible by main- 
taining a constant temperature for liquefaction for a much 
longer time than is usually considered necessary. 
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It has indeed not been proved that a still longer exposure 
would not yield still higher results, but one hour has given con- 
cordant duplicate figures which have a definite value, whatever 
future work on this time factor may reveal. 

The method as described in detail above can be applied to 
starch samples without any difficulty, but in the present problem 
dealing with rice grains there is the preliminary difficulty of 
disintegrating the grains. This must be satisfactorily overcome 
before the method can be applied at all. 

It has been shown by Brown and Heron that by protracted 
grinding starch granules become completely soluble in malt 
without previous liquefaction. 

Therefore, to cause as little damage as possible by grinding, 
the grain was, in the first series of experiments, ground up with 
successive small quantities of water which were poui’ed off when 
turbid. 

The following experiment will show the extent of breakage 
to be expected. 

Two varieties of rice were given — 

(a) the ordinary grinding with water as just described ; 

(&) a dry grinding for 45 minutes followed by wet grinding. 

The samples thus obtained were liquefied at 30° and then con- 
verted at 30° with malt. The following results were obtained. 



1 Wet grinding. 

Excessive grinding. 

Sample .1 ... | 

6*8 o.c. (KM 11 O 4 ) Potassium 

ll‘7 c.c. (KMn() 4 ) Potassium 


Permanganate. 

Permanganate. 

Sample II 

3*66 c.e. (KMnOj) Potassium 

7’7 c.c. (KMn0.i) Potassium 
Permanganate. 


Permanganate. 


A low liquefaction temperature was chosen to bring out the 
effect of the grinding. It would, of course, become obscured by 
liquefaction at a higher temperature. 

We see that the excessive grinding caused an increased 
liquefaction of starch, the figures being roughly twice as high as 
those obtained by wet grinding. 
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With the aid of this process of wet grinding for preparing 
samples, liquefaction determinations were carried out on three rice 
samples and one starch sample. 

The grinding for each determination was done separately 
and as a check a duplicate determination (also with separate 
grinding) was made, using 20 c.c. malt. 

The results of this work are shown in the accompanying 
table. The figures under A & B refer respectively to the results 
obtained with 10 and 20 c.c malt. 

Percentage Liquefaction of Starch. 



A 

B 

A 


A 

B 

A 

B 

A 

B 

A 

B 

Ko. h 

21 

21 

20 

19 

23 

26 

60 

57 

69 

71 

67 

67 

No., 2. 

13 

13 

9 

10 

10 

12 

13 

22 

57 

62 

58 

59 

No. 

12 


9 

11 

11 

12 

19 

IS 

59 

59 

61 

91 

starch 

0 

«1 

0 

0 

3 

3 

29 

23 

71 

73 

76 

76 


4 - % A 


No. 1 is a glutinous rice. Nos. 2 and 8 are fairly 
non-glutinous rices. ;;}<? 

The figures show clearly that the method when appl^d||;o % 
starch ffives concordant and interesting results. *‘A \ '.j 

Prom the starch sample figures for 30°, 40°, and 50° !^s.^v 
evident also that no measurable erosion of unliquefied stare^J^\^ 
granules occurs under the conditions of tlie experiment!^^ 
We see also that the glutinous rice starch liquefies at a lower 
temperature than the starches of the non-glutinous rices. 

The amounts of liquefaction at lower temperatures are, how- 
ever, very high when compared with the starch sample which 
required no grinding. 

It is evident, therefore, that grinding, even by the wet 
process, causes excessive breaka,ge and makes the determinations 
at lower temperatures valuele.ss. 

Some other means of disintegration had therefore to be found. 
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of alkali for this purpose has obvious difficulties, but 
it was found possible eventually to disintegrate the grains satis- 
factorily with Potassium Hydrate in the following manner. 

The weighed polished seed is placed for 24 hours in 10 e.c. of 
1% Potassium Hydrate. The liquid is then made faintly acid and 
poured off into a beaker. 

The seed is gently ground in a mortar with successive small 
quantities of water and the starchy liquid added to the beaker of 
acid liquid. Neutralisation is effected with Calcium Carbonate 
suspended in water. 

The specimen is then ready for liquefaction and conversion 
as usual. 

The above three rices treated in this way yielded the follow- 
ing results ; — 



1 80'’ 

o 

O 

1 60" 

No. 1 

1 7-6 

6*5 8*3 

65*5 

No. 2 

3*6 

3-4 3-7 1 

5*7 

No. n 

3*0 

3*2 i 3*5 j 

19*8 


These figures show that by means of the above alkali process 
the seeds can be satisfactorily disintegrated without causing 
appreciable breakage of the starch granules. 
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PART II 

A COMPARISON OF THE STARCHES OF 7 RICE VARIETIES 
The specimens examined were pure line cultures of well 
known types. 

We disintegrated the polished seeds by the Potassium 
Hydrate process and carried out the fractional liquefaction deter- 
minations exactly as detailed above. 

The accompanying table shows the results obtained. 

Table I. Fractional Lique faction of Starch. 


Sample. 

Grammes starch liquefied per 100 grm. 

seed at 


Totab*' 

Proteid. 

50'' 

55° 

60" 


70° j 

1 5° 

SO" 


No. 1 

.3*8 

5-2 

11-7 

45*2 

65*0 

68*1 

69*.3 

74*5 

7*08 

No. 2 

2-4 

4*7 

2*9 

8*8 

24*2 

65*2 

68*1 

73-4 

7*38 

No. 3 

5*9 

8-6 

23*7 

39*.3 

62*8 

64*4 

66*7 

73*4 

1 7*69 

No. 4 


4*5 

2*9 

7*6 

20'0 

68*1 

68*6 

75*5 

7*12 

No. 6 

2*2 

4*1 

29 

9*5 

22-3 

68*7 

69*6 

75*9 

6-62 

No. 8 

3-7 

7*3 

11*2 

4V9 

72-1 

74*2 

■ 75*4 

76*3 

9*05 

No. 9 

6*4 

C-2 

15*1 

51*4 

78'8t : 

75*6 

76*3 

75*9 

8*39 


* Total starch in polished seed determined by official method of Araerican Agricultural Chemists. 

I This figure is evidently wrong. 

The proteid content of the polished seed is shown for 
reference. 

It should be pointed out here that the determinations of 
liquefied starch rest finally upon a permanganate titration. 

This in itself is an exceedingly delicate and accurate 
determination. But to deal with lai’ge quantities for the 
present work is difficult and thus it comes about that in the 
above table 1% of starch is approximately equal to O'lc.c. 
potassium permanganate. We must allow therefore that the 
figures in the table may be inaccurate to the extent of 1% 
starch. 
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This explains partly certain small irregularities at the 
lowest and highest temperatures {i.e., at the points where the 
action had scarcely commenced and where it was practically 
complete). 

Another possible source of error may lie in the varying 
strength of the malt extract employed. 

The malt was not speciall3'’ tested, but it was prepared each 
day in as uniform a manner as po.ssible from a stock sample of 
green malt preserved in dessicators. 

That it varied very little indeed is proved by the regularity 
of the results obtained and by some duplicate determinations (see 
below Table II). The use of standardised diastase would no 
doubt add to the value of such results. This will be employed 
in the work now contemplated. 

All the determinations for one temperature were made on 
one day with one specimen of malt. 

Concerning the amylolytic power of the seeds a remark is 
called for. 

On the unliquefied starch (at lower temperatures) its effect 
is clearly negligible, and therefore it can be assumed that at the 
higher temperatures all the starch attacked by the combined 
amylolytic enzymes of the malt and the rice gi’ains must have 
first of all been liquefied. That is to say, the presence of .sucli 
enzymes in the rice, even if they have not been entirely destroyed 
bj^ the alkali, cannot materially affect the determinations of 
percentage liquefaction. 

It will be observed that the soluble carbohydrates (sugars, 
etc.) have been estimated together with and as starch, 

This makes no difference to the results because if they were 
allowed for, it would merely mean the subtraction of a constant 
quantity (saj’' I %) from each of the figures without altering their 
significance in the least. 

The shape of the curves in the chart on page 144 would 
naturally not be affected in the smallest degree by the introduc- 
tion of this correction. 

There is one more point to be considered. 
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Some of the samples appai’ently contain some very resistant 
starch (see further on). It appeared that this resistance to 
liquefaction and malt conversion might possibly be due not to the 
nature of the starch but to incomplete action caused by imper- 
fect disintegration of the grain. This point was tested by com- 
paring specimens disintegrated in different ways. 

The results are given in the accompanying table. 

Table II. Effect of disintegration on fractional 
liquefaction at 80°. 


Sample. 

Ordinary 
disintegration 
24 hours, 

1 

Disintegration 
for 48 hours. 

Disintegration 
48 hours with 
crushing after 
24 hours. 

1 

1 Average. 

No. 1 , , . 1 

70‘0 

68-6 

69*4 

69-3 

No. 2 

694 

66*7 

68*1 

68*1 

No. 3 

67*7 

65*7 

66*7 , . ' 

66 '7 

No. 4 

70-0 

67*7 

68’1 

68*6 

No. 6 

70-4 

69-0 

69*4 

69*6 

No. 8 

77*1 

74*2 

■75*0 1 

75*4 

No. 9 

76*3 

75-6 

'77*1 

• ,1 

76*3 


Clearly the ordinary disintegration process cannot be im- 
proved upon and therefore it seems fairly well established that 
the so-called resistant starch does actually exist, ((y. Wolff 
and Fernbach.) 

The 3 sets of determinations were made each with a 
separately prepared malt extract. 

The table shows also therefore that the malt ex ti’aets were 
all very nearly equal in diastatic power. 

It remains now to discuss the significance of the results 
obtained. 

The chart on the back is a graphical representation of the 
series of determinations. 

The three specimens 2, 4 and 6 are hard vitreous rices. 
The extreme similarity of their starches is remarkable. 
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XJp to 65° they are liquefied only to a slight extent. At 70° 
when the other rice starches have become almost completely 
liquefied these three show a liquefaction of only 20%. Within 
the next 5 degrees, however, almost all their starch is liquefied. 
The sudden break-down indicates a large pr'oportion of very 
uniform material. 

It should be noted that in each case there is a residue 
of 7 or 8% of more resistant starch which only breaks down 
gradually. 

Here the great advantage of fractional liquefaction is clearly 

seen. 

Methods which only indicate the temperature of complete 
liquefaction would scarcely enable us to distinguish between 
samples 1 and 4 for example, whilst by fractional liquefaction a 
great difference is brought to light. 

Of the other specimens Nos. 8 and 9 are true opaque white 
glutinous rices. 

The starch of these specimens commences to liquefy at a 
much lower temperature. It is noteworthy also that these two 
specimens contain practically no trace of resistant starch, the 
liquefaction being almost complete between 70° and 75°. 

No. 3 is a remarkable specimen. Its liquefaction is 
already far advanced at 60°. But after 65° there is very slow 
progress indeed and eventually it is surpassed by all the' other 
rices. 

This variety contains a fraction of very easily liquefied 
starch, together with 8% of more resistant starches which are 
liquefied in small fractions as the temperature is increased above 
70°. 

No. 1 is considered by the Burmans to be a semi -glutinous 
variety not very suitable for cooking. 

Its intermediate character is revealed bj^ its partial liquefac- 
tion at lower temperatures (similar to glutinous rice) and by the 
presence of a resistant fraction (similar to the hard rices). 

It is growm more for sale and export than for home con- 
sumption. 
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That the cooking quality of rice is distinctly correlated with 
its starch quality is clearly proved by these results. 

Attention has been called in a previous paper^' by us to the 
fact that rice varieties could be distinguished from one another 
by disintegration with alkali. 

To determine how far such disintegration is correlated with 
the quality of the starch these rices were treated with alkali as 
already described. 

The result is shown in the Plate. 

It is evident that the disintegration does roughly correspond 
with the starch quality. 

The three hard rices Nos. 2, 4 and 6 are not so easily 
attacked as the other specimens. 

Again No. 3 which contains much easily liquefied starch is 
also most easily disintegrated. 

Obviously the ease of disintegration cannot depend upon 
starch quality alone. Indeed the earlier stages of the process (at 
low concentrations of alkali) are probably quite independent of 
the starch quality. The parallelism found to exist between dis- 
integration and starch quality therefore seems in some cases at 
least to indicate a relationship between starch quality and proteid 
quality. To establish such a relationship, if it exists at all, wdll 
demand observations on many more samples extending over 
several years. 

It should be noted that the parallelism referred to above 
is, as might have been expected, far from complete in every case. 
This may be seen by comparing for instance the disintegration 
of samples 1, 8 and 9 with the corresponding liquefaction data. 

The work described in this paper is being continued to deter- 
mine the effect of environment upon starch quality. 

A reference to Table I shows that there is no very obvious 
relationship between quality of starch and quantity of proteid. 
Some light may possibly be shed on this point also when the 
eflfect of environment is 'studied. 


* Warth and DarabsetL Pvna Aerri. Sea. hut. Bull. 38. 
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PEEFACE 

As Dk. Leather has kindly insisted on my name appearing 
on the cover of this Memoir, I feel bound to explain that my share 
in its production was limited to arrangements at the dairy for a 
portion of the tests and to arm-chair criticism from the farmer’s 
point of view. 

The whole of the work, involving a very large number of mathe- 
matical calculations, was done by Dr. Leather, and cannot have 
been in any way facilitated by my collaboration. 

A. C. DOBBS. 
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THE YIELD AND COMPOSITION OP THE MILK OP THE 
MONTGOMEKY HERD AT PUSA, AND ERRORS 
IN MILK TESTS 


J. WALTER LEATHER, V.D., Pb.D., 


A, 0. DOBBS. 


In 1911 it was decided to make some careful tests of tke yield 
and composition of the milk of the Montgomery or Saniwahl cattle, 
which is the breed maintained at Pusa. Ordinarily in India the 
recorded yield is that which is obtained in the usual course of milk- 
ing when the calf takes at the same time an unknown quantity of 
milk ; such records are necessarily inaccurate. Again the records 
of the composition of the milk that had been kept at Pusa, had 
been made by the dairymian and their accuracy was open to sus- 
picion. It was decided therefore to endeavour either to avoid these 
and other sources of error or at least to measure their magnitude. 

The tests were conducted over a period of several weeks in 
each case, which is longer than in most other recorded experiments. 

It will be convenient firstly to consider the sources of error 
and subsequently to consider the data obtained. 

Sources oe Error. 

(i) Period of time between milkings . — It is well established 
that the periods of time which elapse between any two milkings 
will affect the yield and composition of the milk. If the cow is 
milked twice in the 24 hours and, for example, the day period is 
shorter than the night period, the yield will be smaller and the 
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peiceutage of fat greater at tlie evening milking tlian if the periods 
were equal. This source of error must either be avoided or allowed 
for. For the purposes of the Pusa tests it was avoided by making 
the milking periods equal : the variation of time from an exact 

12-hour period has not been more than 5 minutes, which is a negh_ 
gible quantity. 


(u) The calf such at the same time as the cow is hand-milhed.— 
It has been recognised that the fact of the calf sucking at the same 
time as the cow is hand-milked introduces an error, but so far 
as we are aware no attempt has been made either to negative this 
error or to ascertain its value. For the tests at Pooua‘ “the 
calf was allowed to take as little milk as possible ” which leaves 

the magnitude of the error as uncertain as though no attempt 
were made to avoid it. 


Attempts have been made by European dairymen in India 
to tram cows to allow themselves to be hand-milked in the absence 
of the calf. Colonel Hallowes, Director of MiHtary Farms and 
Air. Smith Assistant Director of Dairy Farms, inform us that in 
some of the Alilitary Dairies considerable success in this matter 
as been achieved with half-bred Ayrshire-Indian and vith Sind 
cattle, but that with other breeds the difficulty has not been over- 
come. Buffaloes frequently present less difficulty. Attempts to 
overcome the difficulty ivith the Alontgomery cows at Pusa failed 
Under the circumstances it seemed to us better to try to obtahi 
accurate data wth as little distimbance of this Indian custom as 
possible. If for example the one side of the udder were hand- 
imlked whilst the calf sucked the other as is the practice at Pusa 
It was reasonable to hope that either exactly one-half of the milk 
would be obtained by hand, and that half of average quality L 
that at least such a method would admit of the error being^esti 
mated la pomt of feet thie metM has proved quite sueejsife 
as srfl be seen, one-half of the milk is actuaUy obtained under such 
conditions, and the error due to the calf sucking has been negatived 


See Meggitt & Mann, Memoirs Deft, of Agri., India., Chem. Ser. Vol. II, No. I. 
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during the trials, excepting one month (October) when an attempt 
was made to estimate its magnitude. 

{Hi) Analytical errors.— The magnitude of these is well-known 
to be much smaller than that due to other causes. The fat per- 
centage was determined by Gerber’s method. A series of 16 sam- 
ples was tested also by extraction with ether, using the Adams’ 
coil, as a check on the Gerber bottles, which showed that the latter 
frequently gave -1% fat too low, this error being largely systematic. 
No collection has been made for it, since it is insignificant in com- 
parison with other sources of error. 

General Plan of the Tests. 

The tests were conducted dui-ing three periods : (A) December 
3rd, 1911, to January 31st, 1912 ; (B) March 28th to June 1st, 1912 ; 
(C) September 1st to November 9th, 1912. 

The following list of the cows indicates the age of the calf in 
each case : — 


Period. 

Cow. 

Date of calving. 

Relative yield. 

A 

No. 

51 Khaki 

30th Sept. 

1911 

Reduced to f 

yield. 


No. 

88 Subhagi 

24th Augt. 

1911 

Do. 



No. 

91 Amiri 

30th Octr. 

1911 

In full milk. 

1 

B 

No. 

159 Kamali 

17th Mar. 

1912 

In full milk. 

i 


No. 

128 Nami 

30th Jany. 

1912 I 

Do. 



No. 

101 Eadhi 

16th Jany. 

1912 

Reduced to f 

yield. 


No. 

99 Godhi 

15th Deer. 

1911 

Reduced to | 

yield. 


No. 

44 Moghi 

11th Jany, 

1912 

In full milk. 



No. 

67 Nathali 

25th Deer. 

1911 

Reduced to f 

yield. 


No. 

78 Rami 

6th Feby. 

1912 

In full milk. 



i No. 

95 Janki 

12 th Jany. 

1912 

Do. 



No. 

133 Kaveri 

15th Jany. 

1912 i 

Reduced to | 

yield. 


No. 

85 GUori 

27th Deer. 

1911 

Reduced to f 

yield. 


No. 

33 Boudhi 

1st Mar. 

1912 1 

Do. 



No. 

30 Gujri 

29th Jany. 

1912 

Do. 


C ' 

No. 

160 Thoosri 

21st Mar. 

1912 

Going oE 



No. 130 Tikya 

5th July 

1912 

In full milk. 



No. 

161 Mayani 

13th Augt. 

1912 

Do. 



No, 

31 Balli 

25th June 

1912 

Reduced to | 

yield. 


No. 

97 Kesari 

5th June 

1912 

In full milk. 



No. 

36 Gongli 

29th June 

1912 

Do. 



No. 

^42 Chikni 

27th July 

1912 

Reduced to | 

yield. 

1 

No. 

56 Padmini 

2nd July 

1912 

In full milk. 



No. 

50 Bhadki 

18th June 

1912 

Reduced to f 

yield. 


No. 

15 Hoosni 

15th June 

1912 

In full milk. 
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Hours of milMng.—Al\ the cows which were under observa- 
tion at any time were milked about 5 a.m. and 5 P.M., the time 
interval being 12 hours with a variation of not more than 5 minutes. 

Period *4.— The cows were milked thus -From December 
3th to 22nd one-half of the udder was milked by hand, the other 
half being sucked by the calf. Commencing, say, wdth the right 
side (hand-milked) on December 4th morning and evening, this 
was followed on December 5th by hand-milking the left side morn- 
ing and evening. On December 6th the right side was hand- 
milked morning and evening, and this sequence, was followed until 
December 22nd. Thus during this half period the first milldng 
by hand on either side of the udder was in the morning. Then 
during the 2nd half period from January 3rd to 31st the system 
of milking was the same, excepting that the first milking by hand 
from either side was in the evening ; thus, say, on January 3rd 
evening, the left side was hand-milked followed again on January 
4th morning by hand-milldng the left side ; -January 4th evening 
the right side was hand-milked and again this same side was hand- 
milked on January 5th morning. Thus during the second half 
period the first milkhig by hand on either side of the udder was 
in the evening. The reason for maldng the change of side at the 
morning milking in December and at the evening milking in January 
was to distinguish between possible errors due on the one hand 
to the calf leaving milk in its half udder, or to the milkman im- 
perfectly milking his side, and on the other hand to a difference 
in the rate of milk secretion by day and night respectively. This 
matter is referred to again subsequently. 

Further, during this period the milk of the fore-quarter of the 
udder was drawn (by hand) separately from that of the rear cjuarter. 
By this system of separation some very interesting data were ob- 
tained. There was moreover with the three cows which wme being 
tested no sign that this mode of milking caused any unknown 
errors. Nevertheless, partly because of the risk that such might 
occur, and partly because a knowledge of the quantity and quality 
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of tlie milk from the several quarters of the udder was distinct 
from the principal objects which we had in view, this mode of milk- 
ing was not repeated in the subsequent periods B and C. 

Period B . — Twelve other cows were tested. The system of 
milking was the same as during Period A, exoeping that the milk 
of the two quarters of the udder on the one side or the other was 
hand-drawn together, which made the system of milldng more 
normal. During April the first hand-milking from either side was 
in the morning, the second in the evening ; during May the first 
hand-milking was in the evenmg and the second in the morning 
from that side. 

Penod C.— The object of Period C was to ascertain what 
errors were involved by hand-milking in the ordinary way when 
the cows are milked for profit and when as much is obtained as 
possible without starving the calf. Ten cows, all again different 
from those of Periods A and B, were brought under observation. 
The period was divided into three parts : Cj September 1 st to 
28th, C 2 September 29th to October 26th, C 3 October 28th to 
November 9th. 

Duriarg sub-period Ci, the cows were milked as during Periods 
A and B, i-e., they were hand-milked from one side of the udder, 
the calf taking the milk of the other half ; the change of side was 
made in the morning. During sub-period C 2 the cows were milked 
as for profit, no differentiation being made as to the side of the 
udder in respect either of hand-milking or of what the calf sucked. 
During sub-period C 3 the cows were milked as during sub-period Cj. 



Data Obtained. 


In considering the data which have been obtained, it will be 
most convenient if they are sub-divided as follows : — 

Yield of milk . — 

Mean yield of milk morning and evening respectively. 

Mean yield of milk from each half udder. 

Error of the mean. 

Error of the individual milking. 

The total production of milk of each cow. 

Co^nposition of milk . — 

: Mean % fat in niilk. 

Error of the mean. 

Error of the individual milking. 

Difference of % fat from different sides of the udder. 

Difference of % fat from different quarters of the udder. 

Difference of % fat in morning and evening milk. 

Errors involved when milking in the ordinary way. 

Effect of meteorological conditions. 

Complete’’ analyses of milk of Montgomery cows. 

Yield oe Milk. 

Sources of error . — The first question was whether hand-milking 
and the sucking of the calf were equally efficient in draining the 
udder. If not, the amount obtained by hand-milking and weighed, 
would vary systematically according as a hand-milldng followed 
the calf or a previous hand-milking. Such a variation might be 
obscured by any variation in the amount of milk secreted bv day 
and by night respectively. But by shifting the change from suck- 
ing to hand-milking from night time to day time as was done, 
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any systematic difference (Jue to these two causes that were ad- 
ditive in the first hajf period would tend to cancel one another 
in the second and vice versa, and we should get at least during one 
half period a considerable difference between the amount of the 
morning and evening milk. But there were no such considerable 
systematic differences, and in fact the amounts of milk obtained 
from the same side of the udder in the moiming and evening 
during each period were remarkably similar — showing that neither 
the method of drawing the milk nor the period — whether of day 
or night — after which it was drawn, affected the amount signifi- 
cantly in the case of any of the cows tested. 

If to these conclusions is added the fact that most of the dif- 
ferences between successive milkings were quite small, it becomes 
evident that the conclusion, that the mean yields shown in State- 
ment II are not materially affected by these sources of error, is 
perfectly justified. It is the first occasion that an attempt has 
been made to exclude or estimate the effect of the calf-sucking at 
the same time as a cow is hand-milked during dairy trials in India. 
The result is that (i) under the conditions we have employed, just 
one-half the milk was obtained by hand whilst the calf took the 
other half, and {ii) it becomes possible to detect from our records 
any systematic differences in the yield of milk from the several 
parts of the udder. 

Quantity of milh morning and evening . — In Statement I are 
set out the average yields of milk obtained morning and evening 
from each cow. Each datum is the mean of two half periods and 
any error due to the fact of the morning or evenmg milking suc- 
ceeding a hand-imlking or calf-sucking is more perfectly obliterated 
than would be the case if the averages for each month were separ- 
ately set out. Thus the morning average for cow Khaki 3-50 
lbs. is the mean of 3-69 lbs. in December and 3-30 lbs. in January. 
During December the morning hand-milMng followed the calf 
sucking, whilst during January it followed the hand-milking of the 
previous evening. 
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Statement I. — Showing average yields (lbs.) of milk morning 
and EVENING obtained from half udder by hand. 


Period, 

Cow. 

Month. 

Morning. 

Evening. 

A 

Khaki 

December & January 

3-50 

3*63 


Subhagi 

Do. 

3*02 

3*03 


Amiri 

Do. 

3*35 

3*2i 

B 

Kamali 

xA.pril & Ma v 

2*66 

2*61 


Nami 

Do. 

2*40 

2*58 


Radhi 

Do. 

2*55 

2*53 


Godhi 

Do. 

2*90 

3*02 


Mo"hi 

Do. 

2*67 

2*68 


Nathali 

Do. 

2*96 

3*04 


j^ami 

Do. 

3*21 

3*27 


Janki 

Do. 

2*50 

2*67 


Kaveri 

Do. 

2*S3 

2-98 


Gilori 

Do. 

2*57 

2*(>8 


Boudlii 

Do. 

3*23 : 

3*32 


GLijri 

Do. 

2*60 

2*63 

0 , Gi. 

Thoosri 

September & November 

1*62 

1*57 


Tik.ya 

Do. 

2*01 

1*98 


Mavaiii 

Do. 

2*69 

2*63 


Ball! 

Do. 

2*74 

2*76 


Kesari , . . 

Do. 

2*84 

2*85 


Goiigli 

Do. 

3*02 

3*05 


Cliikni 

Do. 

3*39 

3*35 


Padmini 

Do. 

3*84 

3*81 


Bhadki 

Do. 

4*66 

4*64 


Hoosni 

Do. 

5*29 

5*44 


An examination of these data shows that there was no sys- 
tematic difference ; in fact, the yields have been in this respect 
very equal 

In this connection Crowther* quotes records obtained at Gar- 
forth in Yorkshire and at Offerton in Northumberland in which 
cows yielded very much more milk during the night time. These 
tests were not made at 12-hour intervals as were the Pusa tests, 
but even allowing for difference of system in milking, there seems 
little doubt that whilst some herds under one set of conditions 
may yield equal quantities of milk during the day and night 
respectively, other herds may not do so. 

Quantity of milk from^ the two sides of the uddev. — In Statement 
II a comparison is drawn between the yields of milk from the two 


* 0. Crowther, Jour. Ajr. 8(1., I, 15 1 


Period B. Period A. 
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BtatemeM 11 .-— Showing AVERAGE YIELDS [lbs.) per 24i ho ids \ of 
milk from the left and right side of the udder of each cow. 



Month. 

period. 

Left side. 

Right side. 

Total, 


•Weighted 

mean 

Cow. 

days. 

lbs. Tq 

lbs. 7*0 

lbs. 


production. 

lbs. 

/No. 51 

Deer. 

17 

*7-90 di -150 

7-13 ± -280 

15*05 

1 

14*05 

I Khalci 

Jan}^ 

29 

*7-17 dz *063 

0-29 ± -073 

13*46 

i 

Ino. 88 

Deer. 

17 

6-01 4- -091 

*7-11 ± -042 

13*12 

\ 

11*88 

Subhagi 

Jany. 

29 

5*08 di *063 

*6*07 dz *064 

11*15 

J 

No. 91 

Deer. 

17 

7-14 ± -195 

7-09 ± -181 

14*23 

1 

12*88 

1 Amiri 

Jany. 

29 

6-07 dz '100 

6*02 dz *060 

12*09 

i 

fNo. 159 

Apr. 

30 

4-53 dz *048 

^5*45 -j- *115 

9*98 

! 

10*55 

Kaniali 

May 

31 

5*05 dz *057 

*6*07 i *076 

11*12 

1 

No. 128 

April 

May 

30 

4-9S ± -063 

4-83 ± -083 

9*81 

i 

9*96 

Nami 

31 

5*17 4: '003 

4*95 dz ‘065 

10*12 

i 

No. 101 

April 

30 

4*87 -f- *084 

4*60 dz *056 

9*47 

!. 

10*16 

Radlii 

May 

31 

3-o0 ± -098 

o*3<:) dz *128 

10*8o 

i 

• No. 99 

April 

30 

O-90 + -089 

5-(i{i -4- -099 

11*56 

f 

11*85 

Godbi 

May 

31 

()-12 ± -069 

e-02 ± -094 

12*14 

i 

No. 44 

April 

30 

4*07 -b *076 

*6*45 d- *066 

10*52 

\ 

10*72 

Moghi 

May 

31 

4-62 ± -133 

*6-30 dz *051 

10*92 

i 

No. 67 

April 

30 

5-90 -h '054 

5*93 -d *071 

11*83 


12*01 

Nathali 

May 

31 

0-18 ± -066 

1 

6*02 dz *051 

: 12*20 

i 1 

1 

No. 78 

Apiil 

30 

0*42 dz *080 ' 

6*25 d~ *075 ' 

12*67 

j 

12*98 

Rami 

May 

31 

6*60 dz *072 

6*70 dz *059 

13*30 

( 

No. 95. 
Janki 

April 

May 

30 ! 

31 

4*73 dz *065 
5*20 dz *084 

*5*27 dz *057 
5*50 i *038 

9*80 

10*70 

) 

j 

10*25 

No. 133 

April 

30 

5*93 dz *061 

5*92 dz *103 

11*85 

1 

11*62 

Kaveri 

May 

31 

5*73 dz *005 

5*65 “b *084 

11*38 

1 

No. 85 
Gilori 

April 

30 

4*85 -h *077 

*5*20 . dz *063 

10*05 

f 

( 

10*50 

May 

31 

5*43 dz *063 

5*52 dz *059 

10*95 

No. 33 ' 

April 

30- 

6-22 dz *068 

*7*25 -b *060 

13*47 

i 

13*09 

Boudhi 

May 

31 ■ 

6*10 dz *089 

*6*62 dz *047 

12*72 

1 

No. 30 

April 

30 




1 

10*67 

t Gujri 

May 

31 

4*85 ± *074 

*5*82 dz *048 

10*67 

i 

.No. 160 

Sept. 

28 

3*60 dz *06 

3*64 1- *06 

7*24 

1 

6*42 

) Thoosri 

Oct.-Nov. 

14 

•'»'2*68 dz *09 

2*11 i *14 

4*79 


i VNo. 130 

Sept. 

28 

4*06 -b '04 

4*00 -b ‘02 

8*06 


i 7*98 

1 Tikva 

A 

Oct.-Nov. 

14 

*4*11 dz *08 

. 3*71 i *07 

7*82 






r 

''\:r 






■ • % i,!l 




milk tests 


Statement II. — continued. 


Cow. 

Month. 

Period 

days. 

Left side 

tbs. fa 

Right side 

tbs. To 

Total. 

tbs. 

Weighted 

mean 

production. 

lbs.. 

fNo. 161 
Mayani 

Sept. 

Oct. -Nov. 

28 

14 

0*42 diz *96 
4-89 ± -19 

0*52 dr *08 
5*15 dr ‘11 

10*94 

10*04 

} 

10-65 

No. 31 

Sept. 

28 

6*08 dr *04 

6*09 4- *04 

12*17 

i 

11*04 

Balli 

Oct. -Nov. 

14 

4-32 dr *07 

4*46 dr -14 

8*78 

f 

No. 97 

Sept. 

28 

6*21 dr *05 

6*09 dr -07 

12*30 

1 

11*37 

Kesari 

Oct. Nov. 

14 

■ 4*75 dr ‘07 

4*75 dr *06 

9*50 

1 

No. 36 

Sept. 

28 

6*23 *04 

6*20 dr *04 

12*43 

1 

12*20 

Gongii 

Oct. -Nov. 

14 

5*89 ± *05 

0*86 dr *05 

11*75 

1 No. 42 
Chikni 

Sept. 

Oct. -Nov. 

28 

14 

7*07 -4- -07 
4*82 dr *tt 

7*61 dr *06 
*5*25 dr *15 

15*28 

10*07 

1 

13*54 

No. 56 

Sept. 

28 

8*27 dr *07 

8*36 4- *08 

16*63 

\ 

j 

15*27 " 

Padmini 

Oct. -Nov, 

14 

6*11 dr *07 

6*43 dr *08 

12*54 

No. 50 

Sept. 

28 

9*90 dr *08 

9*84 -J- *08 

19*74 

1 

18*64 

Bhadki 

Oct. -Nov. 

14 

8*32 dr *07 

8*11 dr *12 

16*43 

1 

No. 15 

Sept. 

28 

11*73 - 1 - ‘16 

11*80 -d .*15 

23*53 

)| 

21*53 

Hoosni 

Oct. -Nov. 

14 

8*82 dr -12 

8*71 dr *25 

17*53 


halves of the udder, namely, the left and right sides. A careful 
scrutiny of the data shows that in certain cases the yield was gTeater 
by more than *3 lb. on the one side than on the other ; such in- 
stances are marked * ; smaller differences are considered accidental. 

Thus cow Khaki yielded -75 lb. in December and -88 lb. 
milk in January more from the left half udder than from the right. 
Cow Subhagi yielded I'l lb. in December and '99 lb. in January 
more from the right than from the left half udder. Altogether 
there are five such cases among the 25 cows. In addition, there 
are six other instances in which a cow yielded more milk from one 
side than from the other during one month, whilst no significant dif- 
ference occurred in the other month. These latter are not systematic 
and must be considered accidental Moreover, five of them are 
small differences ; in any case their cause is not known. Of the five 
which are apparently systematic, four are instances of a higher 
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yield from tlie riglit half udder. It is of course possible that such 
differences are characteristic of certain, cows, but they are more 
probably due to the local loss of function, that is so common in the 
cow’s udder and is caused by mechanical injury or sporadic in- 
flammation. It is however clear that such differeirces do not occur 
among the majority of cows, at least in this herd. The quantities 
are usually equal from each side of the udder. 

The error of the mean . — The probable error of the mean yield 
is shown under in Statement II, and is in most cases less than ±'l. 
The arithmetical mean of these values is ±-08. The conclusion 
may therefore be drawn that there is a probability of about 100 : 1 
that these means are within ‘3 lb. of the truth. 


The error of the individual milking . — The error which occurs 
among individual milkings is considerable. During Period A the 
probable error was ±'29, for Period B,±;28, for Period C,±-26. 
It serves to show how necessary it is in milking trials to con- 
duct the test over a fairly long period if reasonable accuracy is 
to be attained. If dependence were placed on an individual milk- 
ing, the yield might readily be 1 lb. or more wrong. 

The daily froduction of each cow . — The total amount of milk 
of each cow per day is set out in the last column of Statement 
II and is obtained from the sum of the yield of the left and 
right half udders. It has been already explained why this sum- 
mation is dependable, and it is only here necessary to remind the 
reader that this is the total production, and not the amount actually 
obtainable under Indian conditions. The latter is discussed sub- 
sequently. A consideration of these quantities shows that during 
Periods A and B the differences between the daily production for 
the two half -periods respectively, that is the differences between 
the quantities for December and for January, and between those 
for April and May respectively in any one case, varied from about 
•5 lb. up to 2'0 lbs. ; those for Period C are greater in some eases, 
the variation then being from less than '5 lb. up to as much as 5 lbs. 
These will be referred to later. The last column of Statemeiff II 
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contains the mean j)roduction for each cow, from which it is seen 
that the quantity for the period of these tests varied from 6’4 lbs. 
to 21-0 lbs. 

Composition op the Milk. 


The % fat was determined in samples of the milk daily ; 
in addition more complete analyses were made in some samples 
which are referred to subsecjuently. 

Statement 111. Showing mean percentage of fat in cows’ milk for 
the LEFT and right halves of udder, morning and evening 
respectively, and the value of the probable error r^, of each. 


Left side. 


Right side. 


Cow. Month. Morning. Evening. Morning. Evening 


Weighted 


Fat% ro Eat% r, j Eat% r, Fat% r. 


Khaki | 

Sub- f 
hagi \ 

Amiri | 
Kamali | 
Kami | 
Eadhi | 
Godhi { 
Moghi ■{ 
Nathali| 
Rami | 


3*84 i 
3-95 ± 

3-50 ± 

3- 52 ± 

4- 28 ± 
4-63 4 - 


3-00 + 
3'04 ± 

3*0() ± 
3*72 ± 

4'93 ±- 
4*94 4- 


3-54 ± 
3*78 ± 


■07 4*85 

■05 4-62 


07 4*55 

05 4*46 

09 4*91 

07 5*30 

06 5*18 

06 5*44 

06 4*90 

06 5*02 

03' 4-01 
04 4*22 

.12 5*48 

09 5*36 

■15 5*61 

■12 5*80 

■08 3*98 

■06 4-73 

■06 5*40 

■05 5*38 


4 *09 "I 
ib *05 / 


-b -08 \ 
± -07 / 


3*83 i -07 1 
4*04 zb *07 / 

2*87 i *05 1 
2-90 zb -04 1 

3*73 4 *10 \ 
3*83 zb *11 j 

4*73 -h '10 I 
4*93 i *17 I 


3*07 zb *04 1 
3*85 zb -07 I 
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Statement 111 . — continued 


"eighted 

mean 


Kaveri 


Giiori 


No. 161 
Mayani 


No. 07 
Kesari 


No. U 
Gongli 


No. 56 

Pad- 

mini 


No. 50 
Bliadki 


No. 15 
Hoosni 




Left side. 

Right side. 

Mouth, . 

?eriod 

days. 

xMoniing, 

Evening. 

Morning, Evening, 



Fat% r. 

rat% r. 

Eat% )■„ Fat% 

April 

May 

30 

31 

3-96 ± -09 
3-91 ± -04 

2*93 rt ‘03 
2*92 rh -04 

3-74 4 -09 2-97 ± -06 

4*06 4 'Oo 2*89 4 '02 

April 

May 

30 

31 

4- IS 4- -09 
4-33 ± -06 

2*75 d- *06 
2*90 rb ‘04 

4-10 4 -10 2-85 4 -04 1 
4-31 4 -06 2-90 4 -04 f 

April 

May 

30 

31 

4*10 ± '12 
4*46 ± -00 

3*21 -1- *06 
3*1() ± *06 

4-30 4 -10 3-58 4 '09 \ 
4-60 4 -10 3-50 4 '07 J 

April 

May 

30 

31 

5‘20 dr '16 

3*89 rb ‘06 

5-68 4 -U 4-28 4 '06 1 

i Sept. 

1 Nov. 

28 

14 

,5-37 ± -17 

5 '42 dr ‘11 

4*40 4- ‘15 
4*55 dr ‘19 

3-23 4 -09 4-10 4 -09 \ 
5-15 4 -17 4-68 4-16 i 

f Sept. 

\ Nov. 

28 

14 

4- 8.5 ± -09 

5- 38 4: -10 

4-10 ± -06 
4-72 4 -1.5 

4-91 4 -09 4-1.5 4 -07 1 
.5*43 4 5*12 4 '09 ' 

1 Sept. 

1 Nov. 

28 

14 

3-88 ± -06 
5-12 ± -18 

3-26 ± -08 
5-07 ± .21 

3-98 4 -07 3-33 4 '06 1 
.5-88 4 -21 .5-10 4 -12 y 

f Sept. 

[ Nov. 

28 

14 

4- 90 4 -11 

5- 60 ± -14 

3- 66 4 -06 

4- 07 ± -16 

4- 77 4 -11 3-82 4 -06 '1 

5- 51 4 -13 4-37 4 '13 d 

f Sept. 

^ Nov. 

28 

14 

3- 90 ± -15 

4- 83 i -17 

3- 21 4 -10 

4- 95 ± -10 

4*04 4 *15 3*32 4 ‘07 1 
5-12 4 -20 4-62 4 '07 » 

/ Sept, 
i Nov. 

28 

14 

4-20 ± -10 
4-.52 ± -10 

3- 36 ± -10 

4- 40 ± -10 

4-19 4 -10 3-44 4 -10 

4-90 4 -16 4-43 4 *05 

! Sept, 
t Nov. 

28 

14 

4-16 -t -08 
4-87 ± -20 

3-30 ± -05 
3*57 rb ‘10 

4*59 4 *13 3*45 4 ‘10 1 
4-70 4 -17 3-88 4 -10 1 

f Sef>t. 

28 

4-88 ± -08 

4*12 rb ‘05 

4-84 4 ‘07 4-06 4 ‘07 

r 

i Nov. 

14 

6-03 ± -16 

5*37 ± *17 

3-82 4 ‘17 5-53 4 -19 J 

1 Sept. 

1 Nov. 

28 

14 

3- 41 4 -06 

4- 03 4 -17 

3*05 rb ‘04 
3*93 ± *26 

3- 48 4 -08 2-90 4 ‘06 \ 

4- 23 4 ‘18 3-65 4 ‘14 j 

# Sept. 

1 Nov, 

28 

14 

3-58 4 -06 
3-72 ± -10 

3*09 4- *11 
3*68 dr -12 

3-70 4 ‘10 3-20 4 ‘10 1 
4*15 4 ‘23 3‘o3 4 ‘10 / 
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' "■ : ' ' . 

: J ' , ., . . 


i I subject to a systematic error of about -1%. No correction was 

; I made for tMs because the other errors are probably greater. In 

j Statement III are set out the mean % fat for each cow, during 

! each sub-period, for the milk of the left and right hand sides of the 

I udder and for mornmg and evening respectively, from which 

; It is seen that the milk of this herd contains generally from 4 to 6 % 

of fat. This statement likewise sets out the value of the prohable 
error of tie mean, r^. The errors of the mean percentage as shown 
; in Statement III are commonly about ±-l which gives a high 

; probability that the mean per cent, fat is not vnong by -3. Dif- 

i ferences greater than this amount may therefore be considered 

significant. 

^ The error of tU indimdml mUkmg. ~Th& Yahxes oi the prob- 
able error for individual milkings were found to be ±-22 for Period 
A ±-31 for Period B, and ±-33 for Period C. This means that 
there is a probability of about 1 in 24 that the % fat of any indi 
vidual milking will be ±-9 in error. There is perhaps nothin- 
rexy novel this fact, for it is generally l-ecognised that isolated 
I ests of individual cow’s milk are “ doubtfully coinect,” but it is 

I difficult to find data on the subject in the literature. 

I [ • j ^ The mean percentage of fat in the milk for all the coivs, after 

^ , I weighting for differences of period, is 4-23 which is the best value 

that is obtainable for the herd at Pusa. 

: Difference m % fat from different sides of the udder. —Exom 

y , the data contained in Statement III the percentage of fat in the 

■ : milk from the left and right sides of the udder respectively may be 

; ‘ compared. This comparison is simplified by taking the means of 

i i mormng and evening in each case, as exhibited in Statement IV. 

| j Thus 4-41% (Statement IV) is the mean of 4-85 and 3-98, cow 

I December, left side (Statement III). In the last column 

: of Statement IV are set out the differences between the % fat of 

' 1 and ngkt sides respectively, and these differences place it beyond 

doubt^that they must be considered purely accidental. There are 
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Statement IV—Showing mean percentage of pat in n 
and RIGHT SIDE of udder respectively. 




Left side 

Right side 

Loft side + ot 

Cow. 

Month, 

Fat 

Fat 

— right side. 



/o 

% 


Khaki . . • • { 

December 

January 

4-41 

4-37 

4*41 

4*18 

i 0 

+ ■19 

Subhagi . . • • { 

December 

4*27 

4-eo 

—•33 

-|~*04 

January 

4-48 

4*44 


Amiri . . • • | 

December 

4-20 

4*25 

—•05 

«f*23 

January 

4-36 

4*13 


Kamali .. | 

April , , 

May . . 

4‘09 

4-12 

4*17 

4*46 

-•08 

-•34 

Nami . . • • | 

April . . 

May . . 

4- 70 

5- 08 

4*76 

5*00 

-*06 

-f*08 

Kadhi . . • • | 

April . . 

May . . 

4*05 

4*38 

4*36 

4*53 

-•31 
— •15 

Godlii . . . . 1 

April . . 

May . . 

3-60 

3*57 

3*44 

3*56 

+ ■16 
+ •01 

Mogbi . . . . 1 

April#.. 

May ... 

4-20 

4-33 

4*60 

4*60 

-•40 
. ^.27 

Nathali . . * . | 

April .. . • 

May . . 

5-13 

5-29 

5-17 

5*36 

-•04 

-•07 

Kami . . .. j 

April . . 

May . . 

3- 91 

4- 49 

3-83 

4*27 

H--08 
+ •22 

Janki . . . . | 

April , . 

May .. 

4-38 
4*39 1 

4*53 

4*61 

-d5 

-•22 

Kaveri , . . . | 

April .. 

May . . 

3*44 

3-41 

3*35 

3*47 ! 

+ •09 
^•06 

Gilori .. .. 1 

April . . 

May . . 

3-46 

3*64 

3*47 

3*60 

- *01 
+ •04 

Boudhi .. I 

April . . 

, May .. 

3*65 

3*81 

3*97 

4*05 

-•32 

-24 

Gujri .. .. j 

1 April . . 

1 May .. 

4*54 

4-98 

-•44 

Ko. 160 Thoosri ..J 

{ September 

1 November 

4-88 

4-9S 

4*66 

4*91 ' 

+ 28 
t*07 

No. 130 Tikj^a 

i September . . 

i November 

4*47 

5*05 

4*53 
^ 5*29 

-•03 
— •24 ... 

No, 161 Mayani 

( September 

4 November 

3*57 

5*09 

3*65 

5*49 

-•08 

-•40 
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Statement IV. — continued. 


Cow. 

Month. 

Left side 
Tat 

0/ 

/o 

Right side 
Eat 

0/ 

/(> 

Left side -|- or 
— right side. 

. 1 

Ko. 31 

Balli 

-I 

'September 

November 

4*28 

4-83 

4*24 

4*94 

+ •04 
-•11 ' 

No. 97 

ICesari 


September 

November 

3 '55 
4*89 

3- 08 

4- 87 

-•13 
+ •02 

Xo. 36 

Gongli 

{ 

September 

November 

3*78 

4-40 

3*81 

4*66 

~*03 
-•20 ' 

No. 42 

Chikni 

••'I 

September 

November . . 

3- 73 

4- 22 

: 4*02 

4*29 

-•29 

-•07 

No. 56 

Padtiuui 


September 

November 

4-50 

5’70 1 

1 

4 *45 

5*67 

+ •05 
+ •03 

No. 50 

Bhadki 


September 

November 

3-23 

3-98 

3*19 

3*94 

+ •04 
+ •04 

No. 15 

Hoo.sni 


September 

November 

3-33 

3*70 

3*45 

3*84 

-•12 

-•14 


altogether seven instances in which the difference exceeds -3, but 
in only one case, namely, cow “ Moghi ” could it be considered sys- 
tematic. Taken as a whole the e\udence is cpite definite that there 
is no sign of any systematic difference in the quality of the milk 
of the two sides of the udder. Given a test over a sufficiently long 
period it would be safe (for cow's of this herd) to depend on the milk 
of either side of the udder for a fair sample, though no doubt it is 
better to test the milk of both sides together. 

Difference in % M from different q^uarters of the udder.— 

As has been already mentioned, the milk was drawn during Decem- 
ber and January separately from the fore and hind- quarters. Only 
three cows were thus tested and consequently it is hardly safe to 
draw conclusions very definitely from the results. 

A consideration of the differences shown in the upper statement 
or of the numbers in the lower statement indicates that there seem 
to be characteristic differences among cows in respect of the quality 
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SUik)ntnt V. — Gomimimn of FAT peroetiim^^^ fore aid 

HIND-QUARTERS- 


Mean % Fat. 

Cow. Month. 

Difference. 

Mean ^ 

: ■■ ^ 

i Fat. 

Ditferenee. 

L.F.; ■ 

L.H. 



R.F.' 

R.H. 


rr-, , . ( Decemher .. 4*40 

4*48 

H 

•08 

4*43 

4*39 F 

•04 

{ January .. 4-33 

4*30 

H 

•03 

4-23 

4-01 F 

■ •22 

, , . j Deeenvlier . , 4*30 

4*35 

H 

•05 

4-69 

4-51 F 

•IS 

hul.hagi .. 1 __ 4.54 

■. 4*27. 

F 

•27- 

4-08 

4-25 . , F 

1 

•43 

... j Deeeniber . , 4*16 

4*30 

H 

•14 

4-20 ■ ^ 

^ 4*33 H 

•13 

AniiiT { January .• 4*23 

4*33 

H 

•10 

4-04, 1 

4*22 H 

•OS 


The 'number of instances when one quarter f roducecl richer milk than 

another quarter. 


Cow. , 

Khaki. 

Subhagi. 

Amiri 

December . . 

No. of testy . . 

L 

13 

n 

12 

L 

13 

■ R 

12 

L 

13 

R 

12 


. ■ F . .. ■ 

3 

1 

2 

{> 

0 

1 


H 

: 4 

0 

-4 ■ 


'■ 7 

7 


January . . 

No, of tests 

F 

■ 22 

. ■ 6 ■, 

IS 

10 

■ 22 

17 

17 

15 

22 

2 

17 

1 


H 

'7 ■■■ 

2 

0 

0 

: 8 ■ / 

7 

A 


of the milk wMcli. they produce in the several quarters of the udder. 
Of the three cows, cow “ Khaki ” showed no general difference 
between the milk of the several quarters ; cow “ Subhagi juelded 
milk which was very generally richer from the fore than from the 
hind-quaiter ; whilst thirdly, cow “ Amiri’s ” milk was regularly 
richer from the hind-quarter than h'om the fore-quarter. In- 
dividual diherences would not be significant imless greater than vl, 
because the experimental eiTor in reading the fat percentage on the 
Gerber bottle is at least ’05 in each of two cases. Thus in order to 
compare the quality of the milk of any two c[uarters differences 
greater than '1 may be employed. The numbers set out in the lower 

3 


164 


MILK TESTS 




statemeat show the aamber of occasions on, which the fore or hind- 
quarter was the richer. 

Ingle made some tests on this point at Garforth in 1902.* 
Samples were taken from each quarter of the udder of each of 19 
cows, and it was fgund that the milk of the left fore- quarter of ten 
of these was poorer in solids-not-fat than from any of the other 
three quarters ; in three cases it was poorer from the right hind- 
quarter ; the other cases showed no characteristic difierences. 
Ingle found however that a month later the left hind-quarter of 
one of the cows was poorest instead of the left fore-quarter. It is 
to he noted however that these tests included only one sample from 
each quarter, and bearing in mind the large experimental error 
which usually accompanies individual samples, no great weight 
can be attached to the record. 

Difference of % fat in inorning and evening milk . — In State- 
ment VI the mean % fat in the morning and eveiaing milk respec- 
tively for each sub-period and for each cow is set out. These per- 
centages are derived from those in Statement III by taking the 
mean percentage of the left and right half-udders. Thus for cow 
Khaki, January, evening, 3-93 (Statement VI) is the arithmetic 
mean of 4'12 and 3-74 {vide Statement III) and for cow Subhagi, 
December, morning, 4-86 is the mean of 4-82 and 4-90. A cur- 
sory glance at the figures shows that the morning milk was for 
every cow richer than the evening, and even amongst the indi- 
vidual milkmgs it was very rare that this was not the case. In 



the last column of the statement the difierences are set out. These 
vary a good deal ; in some cases the difference is as small as *3%, 
but more generally it ranges from three-fourths to one and a half 
per cent. The mean difference for all the cows is •91% after weight- 
ing for differences of period. It is obviously far in excess of any 
experimental error. 
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Stateinent Yl.— Showing mean percentage of fat in morning 
EVENING milk respectively. _____ 


Evenini 

Fat. 

0 / 


Morning 

Fat. 


Difference 
morning > evening. 


Month. 


December 

January 


Khaki 


December 

January 


Subhag! 


December 

January 


Amiri 


Kamali 


Kami 


Radhi 


Godhi 


Nathali 


Rami 


Kaveri 


Boudhi 


September 

October 

November 


No. 160 Thoosri 


September 

October 

November 


c September 
] October 
t November 


No. 161 Mayani 
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Stat&nent F /.—continued . 


' . 'Cow. ■ ; 

Month. 

Morning 

Pat. 

0/ 

/o 

Evening 

Fat. 

<,)/ 

,0 

Difference 
morning >evening 

( 

September 

4-83 

3*74 

1*09 

No. 31 Balli 

October 

5-76 

3*99 

1-77 

1 

November 

5*55 

4*22 

' 1‘33 

f 

September 

3*97 

3*26 

•71 

No. 97 Kesari . . - 

October 

5*22 

4*23 

‘99 

1 

November 

4*97 

4*78 

•19 

( 

September 

4*20 

3*40 

•80 

No. 36 Concfii . . ! 

October 

5-24 

4*42 

•82 

1 

November 

4*71 ■ 

4*41 

•30 

f 

September 

4-37 

3*37 

1*00 

No. 42 Chikiii . . * 

October 

5-I6 

3*81 

1*35 

1 

November 

00 

3*72 

1*06 

f 

September 

. 4-S6 

4*09 

•77 

No. 56 Padmini . . { 

October 

5*74 

5*21 

■ -53' ■ 

1 

November 

5*92 

5*45 

•47 

( 

September 

3*44 

2*97 

•47 

No. 50 Bhadki . . • 

October 

4*37 

3*74 

•63 

1 

November 

4-13 

3*79 

'■ *34 

T . f 

September 

3*64 

3*14 

•50 


October 

4*30 

3*45 

•85 

1 

November 

i 

3*93 

3*60 

•33 


In England tlie difference in per cent, fat in morning and even- 
ing milk, when the periods between milkings are equal, is commonly 
a small one in favour of the morning milk.' At Poona, Meggitt 
and Mann^ found tjiat the evening millv of Gir and Sind cows was 
richer than that of the morning by approximately 1‘0% fat. 
The periods of time which intervened between milldngs at Poona 
were not, however, equal. Dr. Mann informs us that the cows were 
milked between 2 and 4 a.m. and between 12 noon and 2 p.m. ; 
thus the periods may have been anything between 12 hours : 12 
hours and 8 hours : 16 hours. The latter difference of period 
would account for a difference of 1*8% fat in favour of the even- 
ing milk, whilst if most of the periods were midway between the 
extremes, it would account for a difference of *8% fat. Messrs. 




^ S. H. Collins. Proc, Umr, jDnrJiam^ PJn'L Sot, 1911, IV, part i 
^ J/m. A(/H, Ind,f Chem. Ser.^ Vol. JI, No. p. 36. 
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Meggitt and Maim appear to have overlooked this iiitlueuce in the 
% fat, and it remains an open question whether the Gir and Sind 
cows would not have jdelded milk actually richer in the momimj 
than in the evening if the periods between miildngs had been equal. 

Similarly, the tests which are quoted by Crowther' and in 
which the morning milk was found to be less rich than that of the 
midday or evening milking, do not provide very dependable 
evidence. At Garforth the intervals were equal, namely, 6 hours 
each, but this system was novel and was continued only for four 
days. At Olferton the intervals were 11, 8 and 5 hours. 

Ingle’s figures on this point are at variance with the general 
experience in England, but the average yield of milk after the 
6-hour interval preceding 5 a.m. was so remarkable in the tests 
mentioned by him (40 lbs. as compared with 24 lbs. for other 
6-hour intervals at Garforth) as to warrant an inference that the 
conditions were abnormal. The system of milking at 6-hour 
intervals was indeed novel, and continued only for four days, and 
it is not necessary to endorse Ingle’s own suggestion, that the 
cows had become accustomed to produce richer milk in the day 
time by the long period during which they had been inilked at the 
unequal intervals, in order to account for a difference in fat 
content, that, as his figures for absolute yield of fat show, is more 
than explained by the fact that for nervous or other reasons the 
cows yielded an excess of 66% of milk during the six hours prece- 
ding dawn. ■ 

There is of course abundant evidence to show that when the 
intervals between the milkings are very unequal, the quantity of 
milk given is usually greater and the fat % less after the longer 
interval. But that this is not always the case when the intervals 
are considerably less than 12 hours does seem to be shown by some 
of the figures obtained at Ofierton with respect to cows milked 
three times in the 24 hours. 

Errors involved when milicing in the ordinary way . — The chief 
object of the tests which were made during Period C was to ascer- 
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]Sro. 1P)0 
No. 1:^0 
No. 161 
No. 31 
No. 97 
No. 36 
No. 42 
No. 56 
No. 50 
No. 15 


Thoosri 

Tikya 

Mayani 

Balli 

Kesari 

Gongli 

Chikni 

Padmini 

Bhadki 

Hoosni 


± -22 
-i-. *14 
± -23 
~b *14 
± -17 , 
± -14 
± -27 
:.t '24 
zb -29 
zt *56 


zb *23 
± *07 
± *29 
zb *16 
zb *28 
zb *16 
±- *23 
zb *32 
zb *31 
zb *55 


± *15 
zb *29 
zb *19 
± , *19 
± *32 




tain tlie errors which occur when cows are milked in the ordinary 
way. The method of experiment has been already detailed (page 
151). It will be recollected that the ten cows were first milked 
for four weeks in September under the same conditions as in 
previous tests ; they were then milked for four weeks as for profit ; 
after which they were again milked for two weeks as in September. 

The yield of Tnilh. The mean yield of milk is set out in State- 
ment VII for each of the ten cows, together with the error, of 
the mean. In Statement VIII are set out the values of the pro- 
bable error r of the individual milking. 


Statement VII. — Showing the mean yields of milh during 


PERIOD O. 


Cow. 

September 28 days. 

OCTR. 28 DAYS. 

-Left side, 
lbs. 

Bight side, 
lbs. 

lbs. 

1 60 Thoosri 

3*60 dz *06 

3-64 ± -06 

5*14 zb *07 

130 Tikya 

4*06 zb *04 

4*00 -b *02 

7*06 -h- *09 

161 Mavani 

5-42 4i- *06 

0*52 -j- *08 

8*56 dz *06 

31 Balli 

6*08 ™ -04 

6*09 zb *04 

' 0*26 zb *13 

97 Ke.sari 

6-21 -b;05 

6*09 zb *07 

9*39 zb *11 

36 Gongli 

6-23 i -04 

6*20 zb *04 

10*72 dz *09 

42 Chikni 

7*67 zb *07 

7*61 ± -OO 

10*54 -!- *16 

56 Padmini . . 

8-27 -!- -07 

8*36 zb *08 

13*25 zb *18 

50 Bhadki . . 

9-90 c *08 

9*84 zb *08 

15*45 dz *20 

15 Hoosni 

1 

11*73 -J- -16 

11*80 dz *15 

17*22 dz *30 


November 14 bays. 


Left side, 
lbs. ?• 


Kight side, 
lbs, f. 


2-11 -4- -14 


Statement VIII. — Showing the values of the frohable error, r, for 
individual milkings during Period C. 

SErTEMBBE (28 DAYS), NOVMB (14 DAYS). 


Left side. Right side. 


Left side. Right side. 
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The reliability of these tests is more perfectly judged from 
the values of r in Statement VIII than from those of the probable 
error of the mean in Statement VII, because the former is not 
so seriously affected by the difference of length of the periods. 
The values of the probable error are very similar for the sub-periods 
Cl and C 3 respectively, those of C 3 bemg somewhat the greater. 
Compared with sub-period C^, they are for nine cows out of the ten, 
very much smaller, being only about one-third as great. Thus 
the effect of hand-milking in the ordinary way when the calf takes 
an indefinite amomrt of milk, is to 3 deld results which are open to a 
very much larger experimental error than when the portion taken 
by the calf is controlled in the manner which was adopted during 
the major part of these trials. 

Eeferring to the probable error of the mean, of Statement 
VII, it must be recollected that this is, for September or November, 
derived from only one-half and one-quarter respectively the num- 
ber of milkings on each side of the udder, as of milkings in October, 
which explains why the differences between the several values 
are not so great as those of the probable error, f, of Statement VIII. 

The actual yields of milk are of less importance in this respect. 
They varied within much wider limits than did those of Periods 
A and B. 

The amount of milh taken hyihe calf. — It has been shown (p. 153) 
that during the periods when the one-half of the udder was sucked, 
the calf must have taken one-half the total milk. It is therefore 
possible to form an estimate of how much the calf took during 
October on the assumption that the production during this month 
was the mean of that of the preceding and succeeding mouths. 
This information is set out in the subjoined Statement IX. 
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State) neM IX.- 


-Showmg the amoimt of milk tahen bij the 


CALF. 


Cow, 


Tlioosri 

Tikya 

Mayani 

Baili 

Kesari 

Goiigli 

Chikni 

Paclmiiii 

Bliadki 

Hoosni 


Weighted mean 
total produc- 
tion per day 
during sub- 
periods 

C, & c. 

Mean yield 
by hand 
per day 
during" 
sub-period 
. ■ C‘2 

lbs. 

lbs. 

! 6*42 

5*14 

7*98 

7*06 

10*65 

8*56 

11*04 

1 1 *37 1 

[ 9*26 

12*kl 

9*39 

10*72 

13*54 

10*54 

15*27 

13*25 

18*64 

15*45 

21*53 

17*22 


.Difference 
taken by 
calf daily 
during 
sub-period 
C, 


lbs. 

1*28 

•92 

2-09 

1*78 

1-98 

1-48 

3*00 

2*02 

3*19 

4*31 


Portion taken 
by calf daily 
during sub- 
periods 


C, & C;, 


lbs. 

3*21 

3*99 

5*33 


0*52 


5*68 

0*10 

6*77 

7*63 

9*32 

10*70 


A consideration of the last two columns of this statement 
shows that the calf had about one-third as much milk during Octo- 
ber when the cow was milked for profit, as during the other sub- 
periods. 


Effect^ of meteorological corditiom.—h is generally considered 
■la milch-cows are commonly affected by changes in the weather, 
which IS reflected ill either yield or quality of the milk, or both.' 
Assuming that this is so, it might be a chief contributory cause of 
the comparatively large error which we have found in‘}deld and 
quality for any one milking. In that case comparison of daily 
meteorological data with the niillc data should show a defined 
correlation between cause and effect. Our tests were not designed 
Avith a view to tracing such a correlation, and hence we are not in 
a position to make it thoroughly. At the same time we have, as 
a matter of fact, compared the daily milk data with the meteoro- 
ogical data and have failed to trace any definite coimection. 

Analysis of Moutgomen-y cattle mUh—Thk memoir would be 
incomplete if some examples of the more complete analyses of the 
milk of this lierd were not quoted ; these are set out in the accom- 
panying Statement X. 
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Slateiiietd X. — Sliowliuj the contposition of the milk of each coiv- 



Period A. 






Period B. 






Khaki. 

, 'Sc 

cs 

§ 

Xu. 

ss. 

No. 

91. 

i 

w 

No. 

159. 

S 

oi 

No. 

1*28. 

rt 

No. 

101. 

c 

No. 

99. 

No. 

44, 


M 

No. 

7S. 

No. 

95. 

P 

Se 

W 

No. 

133 

■ O 

No. 

S5. 

s 

o 

CQ 

No. 

33. 

30. 

Fat % 

1-40 

4*59 

P45 

5*10 

5*52 ! 

4*50 

3*70 

4*40 

5*45 

1*70 

4*55 

1 4*45 

3*95^ 

4*35 

5*15 

Solids-not-fat 

8-25 

8*40 

8*35 

8*66 

9*31 

9*00 

i 8*26 

S*7l ; 

■ 8 ‘85 

8'42 

8*4 4 

j 8*5<! 

8* IS 

8*50 

8*28: 

Total solids 

12 ’05 

13’ 05 

12*78 

13*76 

14*83 

13*50 

iroG 

13*11 

14*20 

13*12 

12*99 

1 13*01 

12*13 

! I ‘2 -.85 

i;p43 

8p. fert. .. 

1029 

i 1029 

102S 

1029 

1030 

1031 

1 1029 

1031 

1031 

10*29 

1030 . 

1029 

1029 

1 

, 1028 

10*20 


Period C. 



Thoosri. 

Tikj^a. 

Mayani 

Balli. 

Kesari. 

Goiigli. 

Ciiikni. 

Pfdrnini . 

Bhadki. 

Housui. 


No. 100. 

No. 130. 

No. 161. 

No. 31. 

No. 97. 

No. 30. 

No. 12 . 

No. 56. 

No. ,50. 

No. 15, 

^ . ■ • ' "Fat v; , .. ^ 

6*42 

5*20 

4*32 

4*50 

4*40 

4*62 

4*39 

,5*21 

3*53 

3*39 

8olids*iiot-fat 

8*90 

8*07 

8*05 

8*47 ^ 

j 8*30 

.8*22 

8*16 

8 35 

7*53 

. S‘21 

Total solids % 

14*32 

13*87 

12*37 

12*97 

I 12*70 

12*84 

12*55 

13*56 

11*06 

11 ‘OO 

1 

1030 

1029 

1028 

1030 

j 1029 

10*28 

1028 

1028 

102S 

1030 


CtENERAL Gonclusions. 

Although the initial object in, \hew, when it was decided to 
keep a series of special records of the milk of the Montgomery 
herd at Pusa, was to ascertain its average yield and quality, the 
primary object almost immediately became a check on the errors 
of experiment which occur in. obtaining such records. It has thus 
happened that throughout the work the mind has been concen- 
trated on these errors rather than on the actual yield and fat per- 
centage, although the latter were at the same time ascertained. 

Of the two chief known sources of error, that due to d/ifference 
of period hetween rnilkings cm be readily extinguished by making 
the periods equal, and this presents iro difficulties. The other, 
namely, the error due to the calf suckimj while the cow is hand-milked, 
has been overcome by the simple arrangement of allowing it to 
suck the one half udder only whilst the other half is entirely hand- 
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milked. THs procedme has presented no difficulties, and for such 
cows as the Montgomery breed at Pusa the data show very defi- 
nitely that the calf actually took one-half of the milk. The ques- 
tion was naturally raised as to whether this would be so in all cases, 
but there is no doubt that even with those cows whose total yields 
were the largest (for example, cow Hoosni, 21 lbs. per day), the 
calf took the half during September and November. 

In estimating the magnitude of the error which would occur 
if milk yields are estimated by simply. milking as for profit when 
the calf takes an unknown quantity, the value of the probable 
error, r, shows that this is at any rate tlrree times as great as 
it is if the calf is allowed the Avhole of the milk from one side of 
the udder. Thus it is evident that the procedure we have adopted 
reduces the error in estimating milk yields under Indian conditions 
very much indeed. 

The probable error in the estimation of the % fat in indmdual 
samples we have found to be about±'3. It is of interest to compare 
this with such other similar data as are obtainable from published 
records, although the latter are not strictly comparable chiefly 
because the records are not for consecutive days. Those published 
by Meggitt and Manffi refer only to single samples taken once a 
week (on Fridays) , although at first sight the figures appear as 
averages for the week. The probable error for some of these cows 
is as follows : — ^ 


Gif No. 1 

„ „ 3 

„ 4 


5*48 4z *06 
4*29 ± *38 
4*77 zfc *44 
4*82 dr ‘23 


0*41 -i- -72 
4*80 dr -18 
5*50 ± *00 
5*80 -Jr *63 


It is at once apparent how much smaller was the error at Pusa 
when the calf was restricted to the one half udder. The errors 
which accompanied the Poona tests are indeed very similar to 
those relating to peld which occurred at Pusa in October 1912 


* Me7}u JJejJ* Ag7\ (Jhem. Ser., Vol. IJ, JMo. 1. 
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wlien tlie calf took an unknown, quantity of niilk (vide Statement 
VIII, page 168). Some other records published by the Durham 
County Council showed the following errors: — 



A.M. 

P.M, 

Cow No. 3 

3*62 zh *32 

4*08 d- *28 

„ 5 

3*90 ± *54 

3*93 ± *51 

j, ,, 6 

4*01 ± *37 

4*72 ± *47 


The required number of tests of any one cow in order to obtain 
a mean value of % fat within certain limits may be judged from 
these records. It will naturally depend on the degree of exactitude 
required, but it is evident that when 14 or 15 tests are made, as 
for example from either side of the udder during April and May, 
the value of r^ for % fat was in the neighbourhood of ±T. This 
is equivalent to a probability of about 24 : 1 that the experimental 
error does not exceed ’3% fat. If therefore such a degree of 
exactitude is not considered sufficient, the number of tests would 
have to be increased very considerably in order to reduce the error 
materially. 

Regarding the maximum yield of milk of cows of this herd 
per day this may be said to vary for different cows, from 7 to 20 
lbs. Among the greater number of the cows the variation was not 
nearly so great and about 12 lbs. may be said to be an average 
figure. It is to be recollected that this is the maximum production ; 
when mfihing in the ordinary way for profit the calf had about 
2 lbs. of this, leaving some 10 lbs. as the average maximum yield 
to the milkman. 

Information regarding the yields of other Indian breeds is 
comparatively scarce. Details for Gir and Siad cows are given 
by Meggitt and Mann, but it is quite uncertain how much the calf 
took. On the days when the samples were taken, once a week 
the calf was allow^ed “as httle as possible,” but presumably the 
yields which are quoted refer to the actuals, all days included, 




I 




Durham County Council. Bejjorts qu Dairy Inrestigations, 1909. 
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obtained in practical dairying. In that case the circumstances 
would be comparable Muth those of our period Co, October 1912. 
The a%''erage yield for Gir cows per head per day was found to be 
about 6 lbs. and for Sind cows about 10 lbs. ; if to these be 
added some 2 — 4 lbs. probably taken by the calf, the sum would 
indicate a total production of milk similar to that which we have 
found for the Montgomery breed. The estimate is obviously 
onty a very rough one, but it is the best that one can make.' In 
comparison with European cattle it is hardly necessary to poiot 
out that such yields fall far short of an European average. Even 
Jersey cattle will commonly yield a maximum of 25 lbs. and breeds 
like the Shorthorn 35 lbs. in the day. 

In res'pect of richness Irrdian cows' milk has generally been 
found to corrtain a higher percentage of fat than that of nrost 
European cattle. Anrorrg the Montgomery cattle which were 
included iir our tests, the % fat varied from about 3'5 to 5‘0. This 
is less than what Meggitt and Mann found in the milk of the two 
breeds at Pooira ; the milk of the Gir corvs contairred fronr 5'0 to 
6'0%, that of the Siu.d cows from 5‘0 to 6’5%. But the fact of tire 
calf drawing an unknown quantity of the first aird poorer mdk in 
those tests would naturally increase the ‘’b fat in the remainder. 

Our mode of experiment has enabled us to draw certain con- 
clusions regarding the yield and quality of the milk from the several 
parts of the udder. Certain of the cows appeared to yield rather 
more milk from one side of the udder than from the other ; alto- 
gether there were five such instarrees among 25 cows. On the whole 
however the experiments have shown that that obtained from oppo- 
site sides is, as irxdeed wordd be expected, gerierally similar both 
in quantity arrd quality. But it is less in accordance xvitlr ex- 
pectation that the milk from the fore and hirrd-quarters slrould 
have been found to differ very greatly, not only as is commonly 
observed, in qrrairtity, brrt also in quahty. The tests of the milk 
from the several quarters of the udder of three cows indicated 
that there are differences in cj[uality characteristic of the cow , 
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one eow yielded milk from the fore-(iuarter wliich was systciuatic- 
ally richer than that from the hind-quarter, whilst another yielded 
richer milk from the hind than from the fore-quarter ; the third 
cow showed no such characteristic differences. Generally then 
the conclusion must be drawn that characteristic differences both 
of yield and of quality of milk from the fore and hind-quarters 
of the udder of cows may commonly occur. Taken in conjunction 
Avith the uniformity of composition of the whole milk of individual 
cows, this would seem to indicate that the quality of the milk is 
a function of the tissue of that region of the cow’s udder in which 
it is produced and that though the opposite sides are symmetrical 
in this respect, the udder is in other directions no more uiriform 
in function than it is in shape. 

This conclusion is in accordance with those drawn by Ingle ;* 
though he found that in respect of the percentage of solids-not-fat, 
the milk from corresponding quarters of opposite sides of the udder 
differed very considerably and erratically. 


* Highland and Agric, Boc. Tram- U)03, XV, .I3i) 



THE SYSTEM POTASSIUM NITRATE, SODIUAt 
CHLORIDE, WATER. 






by 

J. \yALTER LEATHER, V.D., Pli.D.. F.I.C. 
Imperial AgricuUurcd Chemist, 

AND 

JATINDRA NATH !\lITKER,n, B.A.. B.Sc. 
First Assistant to the. Imperial Afjricnltural Chemist, 


i INTRODUCTION. 

During the last two years attempts have been made by us 
to iiuprove the methods of refining saltpetre in India. This 
subject was dealt with, in, Bulletin No. 24 of the Agricultural Re- 
search Institute, Pusa, and it is merely necessary to mention here 
that the crude material consists of a mixture of potassium nitrate, 
sodium chloride and mud, together with small amounts of other 
salts, such as sodium nitrate, potassium chloride, magnesium 
sulphate, etc. The refining process as carried out in India consists 
simply in the solution of the nitrate in hot water or hot mother 
liquor, separation of the mud by sedimentation, and crystallisation 
of the nitrate from the cleared liquor as it cools. 

It was of importance for our purpose to possess information 
regarding the solubility of potassium nitrate in the mother liquors 
and in presence of excess of sodium chloride at temperatures near 
the boiling point, as also to know in hoAv far the concentration of 
potassium nitrate in solution at these high temperatures would 
affect the composition of the liquid phase and that of the 
crystallised mixture of salts obtained on cooling. 
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Although the production, of potassium nitrate from sodium 
nitrate and potassium chloride is an industry which is carried on 
on a fairly large manufacturing scale, an examination of the 
literature showed that the information regarding this system is 
both limited and very defective. 

For a full appreciation of it, information of all the following 
systems is required : — 

(i) Potassium nitrate, water 
(ii) Potassium chloride, water 
(m) Sodium nitrate, water 
(tv) Sodium chloride, water 
(v) Potassium nitrate, Sodium nitrate, water 
(vi) Sodium nitrate. Sodium chloride, water 
(vn) Sodium chloride. Potassium chloride, water 
(wu) Potassium chloride. Potassium nitrate, water 
(ix) Potassium nitrate. Sodium chloride or Sodium nitrate. 
Potassium chloride, water 

at temperatures varying from 20°C. to 100°C. Of these full data 
regarding Nos. *, n> Hi and iv are available. Data for system v 
have been published by Carnelly and Thomson' at 20°C. For 
system vi some data have been published at 15°C. by Bodlander,^ 
at. 20°C. by Nicol." For system vii data have been published by 
NicoP at 20°C., and by Precht and Wittgen," Soch® and Etard^ 
for various temperatures from 0° — 100°C. For system viii some 
data have been published for temperatures 14’5° and 26‘2°C. by 
Touren,® by Bodlander® for temperature 17‘5°C., and by NicoP" 


J Journ. OJmn. Soc.» 1888, 53, 799. 
2 Physih Gliemie, 1891, 7, 861. 

5 PM. Mag, (5) 31, 369. 

^ Phil, Mag. 1891, 31, 369. 

6 Ber, 14, 1667. 

^ Joiii'n, Physic. Ghent, 1898, 2, 46, 

1 Ann.^Ghim, Phys. (7) 3, 375. 

8 Oonift. Pend. 130, 908. 
e PJiysih Ghem. 1901, 7, 360. 

10 Phil Mag. 1891, 31, 369, 
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for temperatures 20°, 25° and 80°. Knally for system some data 
have been published by Etard,^ but since at full saturation three 
salts must be present and he only mentions two, it is evident that 
this information is imperfect ; there is also a collection of data by 
Kenjiro Vyeda-Kyoto ® for 25°C. These various data are not 
only mostly restricted to certain specified temperatures, but also 
when plotted as in chart No. 1 for temperature 20°C. they disagree 


It was evident then that each of the systems v to vi/i/i must;|j^' 
worked out for temperatures such as we had to employ in thdy- 
fining process, as well as system No. ix. This has been compieM, 
for temperatures 20 , 30 , 40 and 91 . 

EXPERIMENTAL. 

Before considering the data obtained it is necessary to explain 
{i) the mode which we have adopted in order to obtain equilibrium, 
{ii) our method of securing a suitable specimen which we believe 
to be novel, and {Hi) the mode of analysis and deductions therefrom. 


1 Ann,-Chem. Pliys* (7) 3, 283. 

Mem, Coll, Sci, Eng, Kyoto Imp, XJniv, 1910. 
{Zeits. fur anorg^ Chem, 1911, LXXI, 1). 
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Attainment of Equilibrium. 

The inode of obtaining the saturated solution in any experi- 
ment was practically that described by Meyerhofer and Saunders.' 
The quantities of water and salt or salts are weighed in a cylindrical 
glass tube, measuring 7" x 1|", which was fitted with a stopper 
and stirring paddle. The mixture was then heated to a tempera- 
ture above that at which equilibrium was to be attained. Hence 
Ave ahvays started with a more concentrated solution and the excess 
of salt allowed to crystallise out. This procedure was adopted 
principally because the quantities of salt before solution were in 
many cases so very great compared with the water, that it was 
difficult to keep the paddle moving at all. Even with the above 
procedure, the excess quantities of salts at high temperatures such 
as 90°C. are sufiicient to cause a material resistance to the paddle. 
The glass cylinder was fixed veidically in a water-bath and motion 
was given to the paddle from a small hot-air engine. The 
water in the bath was also maintained in motion continuously 
by a paddle and its temperature was controlled by a Novy’s 
regulator. 

For temperatures up to 40°C. no difficulty was experienced in 
maintaining the temperature constant within 0’2°C. ; at the higher 
temperature 91 °C., the considerable and constantly varying rates 
of evaporation from the bath were avoided by covering the water 
surface with a layer of paraffin wax, when the variation of temper- 
ature fell to 0’2°C. 

The time required for attainment of equilibrium we found to 
be less than 18 hours. The procedure was to weigh off the materials 
at about 11 o’clock ; the mixture was then agitated constantly in 
the bath until 7 o’clock on the following day when a sample of the 
clear solution was withdrawn ; the agitation was then again conti- 
nued until 10 o’clock when a second specimen was taken. 


Zeits. /. Phys. Gkem. XXVIII, 451 
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The following examples show that eqnihbrium had set in at 
the time the first sample was taken. 


System. 


First sample. 


Second sample taken S hours 
later. 


Moles per 100 moles H„0. 


I 

i 



NalSrO^ I 

NaCl. 

KCL 

NaNO^ 

NaOL 

KCi. 

NaNOa+NaCl. t = 20°C' 

! 12*20 

6*42 

. . 

12-36 

6-43 


NaCl+KCl. t = rO°C . . 


9*92 

2-40 

•• 

10-12 

2-25 


In addition to this knowledge of the time required for 
equilibrium to set in, the charting of the data provides a second 
indication of the correctness or otherwise of any particular ex- 
periment. As will be seen, these lie very uniformly indeed on the 
curves and very few. of the second samples had to be analysed. 

The examination of any system was made as follows :— 

Suitable quantities of water and one of the two salts. A, were 
weighed off in the cylinder, the quantity of salt A being sufficient 
to provide an excess over that which would pass into solution. 

After attaining equilibrium (on the following day) specimens were 
taken in the manner subsequently described. The reaction tube 
was now weighed and a suitable portion of the second salt B added, 
this portion being estimated as probably about one-fourth part 
of the total which would dissolve in the presence of salt A. The 
reaction tube was replaced in the bath, and after equilibrium was ( 

attained specimens of the solution were withdrawn. The reaction i 

tube was weighed and another fraction of salt B was added. Thus « 

day by day the solutions of the system containing excess of A plus \ 

increasing portions of B were prepared until an excess of B also ^ 

was present, | 


Talcing a specimen of the solution. 

Various devices have been adopted for taking a specimen of a 
saturated solution. We desired to determine not only the com- 
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position of the solutions but also the specific gravity if possible, 
and consequently it was necessary to take a known weight and 
volume of clear solution from the reaction vessel'. None of the 
various forms of apparatus which have been published by others 
was quite suitable, more especially at the higher temperatures. 
Van’t Hoffs tapped pipette, which has been employed at tem- 
peratures not far removed from that of the room, is quite unsuited 
to the case where the variation of so little as 1°C. in temperature 
causes serious precipitation of dissolved substance. We therefore 
devised a. glass tube, which promised to remove errors more per- 
fectly than other known apparatus, and which is illustrated by 
Fig. 1. A piece of rather thin walled glass tube of about 1 cm. 
diameter is blown round at one end and drawn out to a stout long 
capillary at the' other ; it is then cut off at the open end. The 
portion D is about 6 cm. long and A is some 4 — 5 cm. long. The 
capillary is then bent to a right angle at B and G, the length of 
capillary from C to tube D being about 5 — 6 cm. The tube A, B, C, 
D is now attached to a good exhaust pump and the air removed 
as far as possible. For our work, the pressure was reduced to 
I'o or 2‘0 mm. In any case it is of importance, if the volume of 
the specimen is to be subsequently ascertained, that this exhaus- 
tion shall be good. Having thus reduced the pressure in D, 
the capillary is sealed off at B and there remains the exhausted 
portion C D. The volume of this tube has usually been about 3 
to 5 c.c. for our work. When it is desired to take a specimen 
from the reaction tube F (see Fig. 2) the rotation of the paddle 
A, B, D, E is stopped and the salts allowed to settle which takes 
place very quickly. A scratch is now made on the inside of the 
right angle of the capillary at C. The tube C 1) is then inserted 
capillary downwards into the reaction fluid in F and the bent part 
of the capillary is brought under the hook D on the paddle stem ; 
by pressing the exhausted tube carefully upwards, the piece of 
capillary is broken off and the liquid runs up and nearly fills the 
tube C D. This takes place naturally very quickly (in about half 
a second) and the operator removes the tube from the reaction 
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fluid ; the capillary is immediately wiped clean on, the outside. 
At high temperatures the tube was protected by a cloth wrapping 




to prevent it partially from cooling. There is thus obtained a tube 
nearly full of the liquid, the temperature of which could only alter 
slightly before it was removed from the reaction vessel and the 
adhering liquid wiped off. So far as composition by weight is, con- 
cerned, it was a perfect specimen. In respect of volume, an error 
lay in the fact that the specimen tube contained some air, and that 
the volume of this would be increased by the vapour of the liquid. 
The volume of the tube had also to be ascertained. 

Removal of the specimen from the tube. 

Immediately after taking the specimen it was weighed if ap- 
proximately at room temperature, or as soon as it cooled sufficiently 
if originally hot. No protecting cap was placed over the open 
capillary mouth, because the error due to evaporation before 
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, „ , weigliing was found to be negligibly small (less than -S milligram). 

; The tube was then placed, capillary downwards, in a funnel which 

i was supported over an Erlenmeyer flask, and this 

i combination of apparatus was then placed in an 

otherwise empty vacuum desiccator. On reducing 
I the pressure, the liquid ran out of specimen tube D 

into the flask G. In the case of the solutions satura- 
; ted at high temperature, such as 9l°C., the liquid 

j on cooling in the specimen tube became so solid 

1 that the small amount of mother liquor could not pass 

I , through the capillary, and these tubes were therefore placed capil- 

i : lary downwards in a small vessel of water in an air-oven for some 

I : hours. Some of the warmed liquid then passed out of and some 

j water passed into the specimen tube so that the latter could now 

I be partly emptied by exhaustion in the vacuum desiccator. In 

; either case the result of the first exhaustion in the desiccator is to 

I remove a part of the reaction fluid and salts from the specimen 

i tube ; the whole must of course be removed. The desiccator is 

* opened, and the specimen tube placed, capillary downwards, in 

i a small beaker of water, which is placed in the vacuum desiccator ; 

I the air is pumped out which also partly exhausts the specimen 

tube ; on re-admitting air to the desiccator, water passes from the 
I beaker into the specimen tube. The latter is taken out, shaken 

I carefully, replaced on the arrangement of funnel and flask in the 

I ’ desiccator ; the latter is exhausted which causes the wash fluid to 

' run out. By alternately allowing water to flow into the specimen 

tube, shaking and removing it again about five times, the whole 
,, of the original contents of the tube were transferred in a diluted 

state to the Erlenmeyer flask. 





It was now necessary to ascertain (i) the weight of the dry 
specimen tube, (n) its volume. 

Ascertaining the volume of the tube . — The washed tube was 
placed, capillary downwards, in a small beaker of distilled water, 
then placed in a vacuum desiccator and the pressure reduced 
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to wkat it had been when the tube was first prepared; air was 
now admitted, when the tube became filled with water. The 
error due to residual air will be dealt with presently. The tube 
is next placed capillary upwards in a beaker od water at room 
temperature and allowed to assume the temperature of this 
water, for the temperature of the water with which it is filled, is, 
owing to the accelerated evaporation in the vacuum, very much 
below the room temperature. The tube is then wiped dry and 
weighed. 

Drying the tube . — The weight of the .dry tube must now be 
ascertained. For this purpose the water is taken out of it in the 
vacuum desiccator and the tube must now be dried perfectly. The 
following method was employed which is very rapid and perfect. 
The wet specimen tube is placed in a stout tube (shaped as a test 
tube) and joined to one inlet of a Urge calcium chloride tube ; 
the latter is connected from the outlet to a three-way tapped tube, 
which again is connected to the pmnp. On exhausting the appa- 
ratus the damp air from the specimen tube and its encasing tube 
is brought into the calcium chloride tube where it becomes dried. 
After attaining a good vacuum, the three-way tap is turned so as 
to admit air from the room into the calcium chloride tube, which 
causes dried air to flow into the encasing tube and specimen tube. 
This dried air immediately takes up water from that in the specimen 
tube. It follows that by alternately pumping out the damp air 
and re-admitting dried air, the water originally in the specimen 
tube becomes vapourised and entirely removed. The process 
is quite rapid ; the change in weight of the specimen tube after 
the fourth or fifth exhaustion being less than • 1 milligram. There 
have now been obtained the following data : — 

(а) weight of dry specimen tube, 

(б) weight of tube filled with water at known tem- 

perature, 

(c) weight of tube filled with reaction liquid at known 
temperature. 
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Of these (a) is correct. (6) and (c) are subject to error 
due to the fact that in neither case is the tube actually filled with 
the liquid. This error can however be calculated with sufficient 
precision, as follows : — 

Let X be the volume of the tube as ascertained under (&). This 
is too small by the volume of the damp air which was left in by the 
pump. Let the pressure registered by the manometer = p. The 
volume of air originally left in the tube will be Y^a) = tbw (approxi- 
mately). 


When the tube is filled with water or solution, the volume of 
the residual air will be increased by the water vapour and will be 
(approximately) Ya+w) = Yw ft !}-t x 

The atmospheric pressure may be assumed to be 76 cms. for 
these calculations. T = Vapour pressure. 

In our work no correction in the volume of the salt solution 
as ascertained from the weight of water which the tube contained 
at 20° and 30° was necessary, as the difference is negligibly small. 
For the higher temperatures 40° and 91 °C. the following were the 
corrections ; — , 

At 40° C. deduct '0027 c.c. for each 5 c.c. apparent volume. 

; At 91° C. deduct '0431 c.c. for each 5 c.c. apparent volume. 



The vapour pressure of the salt solutions .has been assumed 
to be identical with that of water. This is admittedly not actually 
the case, but the published information on the subject is too slight 
to admit of a more exact correction. 

The foregoing procedure has thus provided : — 

(i) weight of the specimen of saturated solution ; 

{ii) its volume, at the temperature of equilibrium, within 
an error at 91° G. of less than -01 c.c. in 5 c.c. which 
is equivalent to an error of about '005 in the specific 
gravity. At the lower temperatures this error is 
negligibly small. 
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Analysis of the solution. — Eeference to the analysis of the 
solution is only necessary in the following respects. 

(i) The analysis of known fractions was naturally necessary. 

To this end the weight of the small Erlenmeyer flask, 
into which the contents of the specimen tube were 
washed, was previously ascertained and the weight 
of total solution subsequently. The contents were 
carefully mixed by agitation ; the lip was greased, 
and portions poured out into suitable vessels, the 
w^eights of which were obtained by difference. 

{ii) In cases where the solution contained only one salt, 
the qiiantity of this could be ascertained from either 
the weight of total residue or from a determination 
of one constituent. Usually the former was employed. 

Where two salts were present, at least two items 

must be determined, b\it a third was also often made 

thus : — for system (r) KNOg + NaNOj, the total 

salts and potassium were determineil in all cases and 

the iSTOj in some cases. It is better to determine,j^>.:^^..;^,,^^ . 

that constituent which occurs in one of the sal|(^^^'^ 

rather than one ■which occurs in both. . X/;. 


The determination of the solid 'phases. 

The nature of the solid phases can be very definitely calcu- 
lated from the known ■si^eight of salts and water initially taken and 
the subsequently ascertained concentrations of solution ; the only 
source of error, apart from those of analysis, being the loss of water 
from the reaction vessel during the 20 hours or so of agitation, for 
it is clear that in order to ascertain from the analysis of the specimen, 
the weight of total salt or salts in solution, an equally accurate 
knowledge of the quantity of water in the reaction vessel at the 
end of the period of agitation is necessary. It was therefore im- 
portant to reduce the loss due to evaporation of water from the 
reaction vessel to such small limits that it could be estima.ted. 


W 
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For temperatures 20“, 30° and 40° the reaction vessel was covered 
by a rubber cap. At these temperatures the loss of water amounted 
to ‘6 grm. at 30° and to 2’1 grms at 40° per 20 hours. For the tem- 
perature 91° the reaction vessel was closed by a rubber stopper 
(Fig. 2) and the loss of water amounted to only 1'5 grm. for the 
same period. These quantities although not negligibly small, are 
sufficiently well defined to admit of the necessary correction. 

Where two salts with a common ion Were present no doubt 
exists as to the solid phase or phases, but where the two salts do 
not contain a common ion, such as in system (ix) 

KNO, -I- NaCl = NaN 03 + KCl 
it is evident that it is a four component system (including water) 
and that an excess of both salts will necessitate the presence of 
three solid phases. There may however be only one, or two solid 
phases present with an unsaturated solution. The case is so far 
simplified in that no known hydrates of any of these salts exist at 
temperatures between 20° and 100° C. The decision as to the third 
salt in solution, is readily provided by the analytical data as ex- 
plained in the preceding para. 

The data obtained. 

The data obtained are set out in the following five statements, 
each of which deals with one of the five systems at the temperatures 
20°, 30°, 40° and 91° G. For each temperature there are two 
sets of data, referring respectively to the gradual addition of 
quantities of the one salt A to a saturated solution of B, and the 
addition of B to saturated solution of A. The data include the 
following:-— 


{i) the actual quantities of salts and water which were placed 
in the reaction vessel, and 


{ii) the same after equilibrium, distributed in the liquid 
and solid phases ; 
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{Hi) tlic concentration of the solutions expressed as {a) 
grms. per 100 grms. water, {h) moles per 100 moles 
water, (c) grms. per 100 c.c. solution ; 

(iv) the specific gravity of the solution, this being simply 
the ratio at the specified temperature. 



The above chart No. 2 shows the concentrations (moles 
per 100 moles water) of the solutions. 
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State 
The system 


MATERIALS IN REACTION VESSEL. 


System. 


Initially added. 


At EQUILIBBIITM, 


In solution. Solid phases. 


KOI NaCl H„0 Kd Nad KCl Nad 

grins. grms. grms. grms. grms. grms. arms. 


KCI 

KCl + NaCl (1) 
KCl -f NaCl (2) 
KCl -f NaCl (3) 
KCl + NaCl (4) 
NaCl 

NaCl + KCl (1) 
NaCl + KCl (2) 
NaCl + KCl (3) 


Teniperai’UTe 


KCl + NaCl (1) 
KCl -h NaCl (2) 
KCl + NaCl (3) 
KCl + NaCl (4) 
NaCl 

NaCl -f KCl (1) 
NaCl + KCl (2) 
NaCl + KCl (3) 


Temperature 


KCl 

KCl + NaCl (1) 
KCl + NaCl (2) 
KCl + NaCl (3) 
KCl H- NaCl (4) 
NaOI 

NaCl 4- KCl (1) 
NaCl -f KCl (2) 
NaCl + KCl (3) 


Temperature 


Temperature \ 


KCl 

KCl + NaCl (1) 
KCl + NaCl (2) 
KCl + NaCl (3) 
NaCl . . 
NaCl 4- KOI (1) 
NaCl 4- KCl (2) 
NaCl + KCl (3) 


70*00 .. 

116-2 62-26 



67-10 12-00 

109-3 49-20 

11*66 17*90 


64*15 23*20 

101-2 36-31 

23*16 27*84 


61*96 33*70 

03*64 31*01 

26-33 30-95 

7*37 

53-00 

119*4 

46-24 

6*76 

14-90 50-49 

111*4 14*50 

37-79 

12*70 

27-96 48-30 

103*4 28*08 

30-18 .. 

18*12 

41-49 46-71 

107*9 35*01 

30-50 6-48 

16*21 




LEATHER AND MUKERJI 


MENT I, 


KCh NaClM fi. 


CONCENTRATION OF SALTS IN SOLUTION. 


Specific gravity 


Per 100 c.c, 
solution. 


Per 100 moles 
water. 


Per 100 grms. 
water.- 


weight 


Had 

grms. 


KCl 

grms. 


NaCl 

moles. 


NaCi 

grms. 


volume 


grms. 


1-176 

1*197 

1*213 

1*237 

1*240 

1*193 

1*224 

1*233 

1*240 


30*24 

23*27 

17*00 

12*70 

13*13 


34*61 

26*60 

19*65 

14*92 

15*36 


8*87 

17*83 

25*85 

25*32 

31*34 

27*91 

26*66 

25*44 


3*12 

6*34 

9*34 

9*11 

11*00 

9*97 

9*35 

9*15 


10*13 

20*61 

30*36 

29*61 

35*63 

32*40 

30*38 

29*74 


8*37 

11*69 

12*98 


1*186 

1*202 

1*222 

1*240 

1*237 

1*202 

1*224 

1-238 


32*41 

25*37 

19*55 

14*26 

14*19 


37*58 

29*45 

22*83 

16*81 

16*85 


3*12 

6*13 

9*05 

9*25 

11*18 

9*92 

9*39 

9*20 


10*13 

19*92 

29*40 

30*06 

36*32 

32*26 

30*51 

29*88 


8*57 

13*85 


1*194 

1*207 

1*235 

1*248 

1*242 

1*197 

1*222 

1*247 

1*245 


40*60 

31*42 

24*43 

18*23 

18*74 


9*07 

17*82 

25*67 

25*26 

32*03 

27*84 

25*04 

24*93 


10*68 

20*99 

30*60 

30*32 

36*53 

32*59 

29*92 

29*88 


8*96 

16*01 

16*15 


10*49 

19*13 

19*37 


1*222 

1*236 

1*262 

1*262 

1*189 

1*223 

1*235 

1*264 


42*51 

35*74 

28*50 

25*93 


12*91 

10*85 

8*64 

7*98 


53*58 

45*01 

35*84 

33*12 


8*47 

18*18 

22*01 

33*16 


10*66 

22*87 

28*12 



192 


THE SYSTEM POTASSIUM NITRATE, ETC, 


State 

The system: 



MATERIALS IN REACTION VESSEL. 




[ ■ - , ' System, 

>' ’ . , 

: ■ 'it-!,.- i,' ■ 

Initially added. 

At EQTJILIBEIITM. 

In solution. 

Solid phases. 

KCl 

grms. 

KNO, 

grms. 

H.O 

grms. 

KCl 

grms. 

KNO., 

grms. 

KCl ■ 
grms. 

KNO., 

grms. 








I Temperature 

1 ' KOI . . 


54*00 


141*9 

49*12 


5*88 


KCl + 

(1) 

52*00 

12*00 

136*1 

46*00 

11*90 

6*00 


KCl 4- KNO; 

(2) 

50*34 

22*47 

130*8 

43*86 

22*17 

1 6*48 


KCl 4 KNO, 

(3) 

48*47 

31*52. 

124*3 

41*31 

26*13 

7*16 

8-36 

KCl 4 KNO; 

(4) 








, KNO, 



oO’oO 

139*7 


43*99 


6-6i 

KNO; 4 KCl 

(I) 

12*90 

58*17 

133*6 

i3*i6 

33*04 


25T3 

KNO; 4 KCl 

(2) 

24*76 

56*83 

127*7 

24*43 

27*29 


29'o4 

KKO; 4 KCl 

(3) 

34*83 

55*90 

122*3 

34*83 

23*87 


32-03 

KNOl 4 KCl 

(4) .. 

43*42 

54*94 

116*9 

39*13 

21*58 

4*29 

33-36 








Temperahire 

KCl 


57*20 


140*9 

52*95 


4*25 


KCl 4 KNO« 

(1) 

56*00 

11*00 

141*5 

51*96 

11*39 

4*04 


KCl 4 KNO., 

(2) 

54*24 

25*52 

135*3 

48*97 

26*19 

5*27 


KCl 4 KNO, 

(3) 

52*21 

39*34 

129*1 

45*66 

35*11 

6*55 

4*23 

KCl 4 KNO, 

(4) 







. . 

KNO, 4 KCl 

(1) .. 

13*00 

70* io 

140*2 

13*^3 

53*42 


16*68 

KNOl 4 KCl 

(2) 

25*57 

68*34 

134*2 

25*97 

43*40 


24*94 

^ , KNO'.; 4 KCl 

(3) .. 

36*41 

66*67 

127*9 

36*72 

37*33 


29*34 

KNO, 4 KCl 

(4) 

45*01 

65*25 

122*2 

43*55 

32*00 

1*46 

33*25 

, 







Temperature 

KCl 


62*00 


137*4 

55*78 


6*22 


KCl 4 KNO, 

(1) 

53*00 

20^00 

118*6 

46*39 

20*00 

6*61 


KCl 4 KNO, 

(2) 

51*44 

39*33 

111*9 

41*49 

39*71 

9*95 


KCl 4 KNO;, 

(3) 

49*61 

55*58 

104*8 

39*34 

41*73 

10*27 

13*85 

KCl 4 KNO, 

(4) 



, , 

■ . . 



.... " 

KNO, 


, . 

80*00 

111*0 


71*85 


8*15 

KNOl 4 KCl 

(1) ;; 

11*90 

77*36 

104*6 

12*1 1 

55*08 


22*28 

KNO’.; 4 KCl 

(2) 

22*46 

75*38 

98*66 

22*32 

45*70 


29*68 

KNO'.; 4 KCl 

(3) 

33*41 

73*43 

103*7 

33*22 

42*81 


30*62 

1 . * KNO;, 4 KCl 

(4) . . 

43*29 

72*12 

96*89 

35*99 

38*08 

7*30 

34*04 








Temperature 

KCl 


70*00 


116*2 

62*26 


7*74 


KCl 4 KN0„ 

(1) 

50*00 

45’'6o 

84*70 

40*54 

44*70 

9*46 


KCl 4 KNOl’ 

(2) 

47*74 

87*46 

76*60 

33*16 

87*78 

14*58 


KCl 4 I^KO'.; 

(3) 

45*98 

122*7 

71*03 

28*34 

115*7 

17*64 

6*99 

' ! , KNO., 



167*3 

71*30 


144*6 


22*70 

KNO; 4 KCl 

(1) 

9*80 

155*1 

63*75 

9*90 

115*3 


39*75 

KNO; 4 KCl 

(2) 

19*09 

149*1 

58*95 

19*60 

97*65 


51*41 

KNOs 4 KCl 

(3) .. 

27*71 

143*2 

53*91 

21*56 

87*87 

CvU 

55*31 
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MENT II. 

KOI, KNO-i, H,0 


CONCENTRATION OR SALTS IJs 

SOLUTION. 




i 


Specific gravity 

Per 100 grms. 

Per 100 moles 

1 Per 100 c.c. 


water. 

water. 

1 solution. 






weight 





volume 

KCi : KNO,. 

KCl KNO.. 

KCl 

KNO, 


;rms. grms. 

moles. moles. 

grins. 

grms. 


G, 





34*6 1 

8-34 

30-24 


M76 

33'79 8-73 

8*14 1*55 

28-69 

7-41 

1-210 

33-53 16-95 

8-08 3'02 

27-74 

14-02 

1 *245 

33-23 18-63 

801 3-32 

■ 27-22 

15-25 

1-244 

33-17 18-99 

7-99 3-38 

27-39 

16-02 

1*257 

31-49 

. . 5-61 

. . 

27-95 

1-167 

9-83 24-73 

2-37 4-41 

8-66 

21-67 

1-181 

19-14 21-37 

4-61 3-81 

16-40 

18-31 

1-204 

28-48 19-52 

6-86 3-48 

23*87 

16-36 

1-241 

38-48 18-46 

8-07 3-29 

27-75 

15-31 

1-260 

c. 





37-58 

9-06 

32-41 


1-186 

36-72 8-05 

8-85 1*43 

30-92 

*6-78 

1-219 

36-19 19-36 

8-72 3-45 

29-09 

15-57 

1-251 

:35-40 27-22 

8-53 4*85 

27-86 

21-42 

1*280 

35-42 26-83 

8-53 4-78 

27-95 

21-18 

1*281 

9-44 38-10 

2-27 6*79 

7-86 

31-64 

■ 1*225 

19-35 32-34 

4*66 i 5*80 

15-83 

26*45 

1*241 

28-71 ! 29-19 

6-92 ! 5*20 

22-88 

23*26 

1-258 

35-63 26-18 

8-60 ! 4-66 

1 

28-19 

20*72 

1-280 

c. ! 

10-60 : . . i 

9-78 i .. 

34*49 


1-194 

39-11 j 16-86 1 

9-43 1 3-00 

31*38 

1*3*54 

1-252' 

37-08 i 35-49 

8-94 ! 6-32 

28*05 

26-84 

1*305 

37-54 ! 39-82 1 

9-05 7-10 

27*93 

29-62 

1-319 

37-49 39-71 i 

9-03 7-08 

27-89 

29-55 

1-319 

64-74 

11-54 


.50-62 

1-288 

tl-5S 52-66 I 

2-79 9-38 

9*02 . 

41-00 

1*279 

32-63 46-31 ! 

6-45 8-25 

17-36 

35*55 

1-297 

32-22 41-52 | 

7-77 7-40 

24-34 

31-36 

1-312 

37-15 39-30 1 

8-9o 7-00 

27-65 

29*26 

1*313 

53-58 . , ■ ' ' 

12-91 

42-51 


1-222 

17-85 52-75 

11-53 9-40 

32-06 

35*34 

1-344 

13-30 114-6 

10-43 20-42 

24-39 

66-62 

1-486 

30-90 j 162-9 

9-61 29-03 

20*43 

83-49 

1-552, 

202-8 ! 

36-14 


103-9 

1-552 




THE SYSTEM POTASSIUM NITRATE, ETC, 


State 
The System 


MATERIALS IN REACTION VESSEL 


System. 


KNO, 

KNO, + NaNO 
KNO3 + NaNO 
KNO, + NaNO: 
KNO, + NaNO 
KNO; + NaNO 
NaNO.. .. 
NaNO; + KNO, 
NaNO., + KNO: 
NaNO', + KNO: 
NaNO., + KNO: 
NaNO;, + KNO; 

KNO, + NaNO, 
KNO, + NaNO: 
•NNO.', + NaNO; 
KNO, + NaNO,; 
NaNO, .. 

NaNO, + KNO, 
NaNO;, + KNOl 
NaNO, -j~ KNO; 
NaNO, + KNO, 

KNO. 

KNO., + NaNO., 
KNO, + NaNOl 
KNO., + NaNOl 
KNO; + NaNOl 
KNO., + NaNO', 
NaNO, .. 

NaNO,, + KNO. 
NaNO,, + KNO” 
NaNO, + KNOl 
NaNO, + KNO, 

KNO, 

KNO, + NaNO,, 
KNO., + NaNOl 
KNO, + NaNOl 
KNO, + NaNOl 
NaNO, 

NaNO, + KNO, 
NaNO, + KNO', 
NaNO, + KNO, 
NaNO,, + KNO; 



Tnififl.llv orlrlArl 

At equilibrium. 




In solution. 



1 Solid phases. 


KNO, 

NaNO, 

H.O 

KNO, 

NaNO, 

KNO, 1 NaNO.. 


gmis. 

grms. 

grins. 

grins. 

grms. 

grms. grms. 


50-00 


139-7 

43-99 


Temperature 

6*01 


49-90 

30-30 

1 143-0 

45*46 

28-90 

4-44 


46-51 

59*55 

i 131-9 

44-28 

58-94 

2-23 


49-29 

84-34 

i 119-9 

44-51 

83-70 

4-78 


45-70 

102-7 

1 110-0 

44-69 

100-8 

1-01 


51-35 

107*4 

100*7 

40-31 

94-90 

11-04 12-49 



110-0 

1 121-1 


106-1 

. . 3-90 


9-90 

111-2 

116-4 

9-93 

103-5 

7*72 


19-05 

107-6 

112-0 

19-00 

102-2 

5-42 


27-26 

103-4 

107*1 

27-73 

98-89 

5-48 


34-33 

100*1 

103-2 

34-25 

96-82 

1 . . 3-^5 


46-10 

106-6 

98-00 

38-94 

92-40 

1 7*16 14-20 


67-00 

30-00 

112*3 

51*35 

29*09 

1 Temperature 

i 15-65 


64-87 

56-79 

106-8 

50-48 

' 56-12 

1 14-39 


63-11 

81-85 

i 102-4 

52-21 

1 81-28 

10-90 


60-98 

105-6 

97-57 

53-02 

: 100-8 

7-96 4-75 



118*0 

1 118-6 

. . 

113-7 

4-30 


15-00 

115-0 

105-6 

15-10 

104-6 

10*40 


30-46 

111*3 

101-1 

30-56 

102-5 

* 8-79 


45-69 

108-7 

97*81 

46-63 

100-8 

. . 7.90 


60-17 

105*4 

93*92 

51*56 

97-70 

8-61 7-71 


80-00 


111-0 

71-85 


Temmerature 
8*15 ( ■ 


79-70 

26-20 

109-8 

69-40 

26 - i9 

: 10*30 


77-57 

' 52-28 

104-2 

66-52 

51-86 

f 11-05 


75-15 

77-39 

97*2 

64*55 

77-20 

10-60 


72*58 

104-3 

91-00 

65-20 

102*0 

7-38 


77-31 

107-9 

85-67 

63-45 

99-55 

13-86 8'37 



114-7 

100-9 

* * 

106*1 

8-60 


22-60 

120-0 I 

106*6 

21-67 

117-2 

2-80 


42-81 * 

125-1 

98-32 

43-18 

110-3 

14*77 


63*15 

120-8 

92-23 

63-38 

107-1 

.. 13-70 


82*55 

117*3 

86-98 

63-42 

100-5 

19-13 16-80 


167-3 


71-30 

144-6 


Temperature 
22-70 A ; > 


144*7 

25*60 

58*30 

117-1 

25-30 

. 27*60 i 


137*6 

48-27 

52*28 

108-3 

48-60 

29*35 I 


131-7 

70-60 

45-41 

104-2 

70-93 

27-49 I ] [ 


128-1 

90*84 

40^93 

102-1 

84-15 

26-03 1 6*69 


. . 

139-9 

76-00 


122-2 

... j 17.70 


39-80 

133-5 i 

70-50 

39-30 

122-0 

.., 1 11*50 


82-23 

131-9 1 

64*29 

82-61 

119-6 

i 12-28 


109*5 

118*5 1 

51*47 

109-0 

102*9 

.. 1 15*58 


135-2 

112-1 j 

]■ 

43*33 

109-1 

89-48 

26-14 1 22-65 

,• i 



m 
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MENT III. 

KNO.„ NaNO„ HJ) 


CONCENTRATION OF SALTS IN SOLUTION. 

Specific gravity. 

Per 100 grms. 
water. 

Per 100 moles 
water. 

Per 100 c.c. 
sol nt ion. 

KNO 

grms. 

NaNOn 

grms. 

KNO, 

Moles. 

NaNO. 

Moles, 

KNO, 

grms. 

NaNO„ 

grms. 

weight 

volume 

20°C. 

31*49 


5*61 


27*95 

. 

1*107 

31*79 

2*0*19 

5*67 

’ 4*27 

20*38 

16*75 

■ 1*261 

33*53 

44*65 

5*98 

9*44 

25*35 

33*74 

1*347 

37*10 

69*75 

6*61 

14*75 

25*66 

48*25 

1*431 

40*63 

91*67 

7*24 

19*40 

26*16 

59*01 

1*495 

40*03 

94*27 

7*13 

19*94 

25*60 

60-29 

1*499 


87*60 


18*53 


64*64 

1*384 

8*54 

88*92 

1*52 

18*81 

6*10 

63*57 

1*412 

16*96 

91*20 

3*02 

19*30 

11*76 

63*21 

1*443 

25*92 

92*42 

4*62 

19*55 

17*34 

61*83 

1*461 

33*18 

93*82 

5*91 

19*84 

21-66 

61*21 

1*481 

39*73 

94*27 

7*08 

19*94 

25*36 

60*19 

1*494 

30‘=G. 

25*90 

8*15 

5*50 

35*09 

19*87 

1*317 

47*25 

52*53 

8*42 

11*10 

33*18 

36*89 

1*403 

50*93 

79*27 

9*08 

16*80 

32*57 

50-69 

1*472 

54*34 

103*3 

9*70 

21*85 

32*58 

61*89 

1*544 


95*90 


20*30 


68*85 

1*406 

14*30 

99*10 

2*55 

21*00 

'9*72 

58*24 

1*451 

30*25 

101*6 

5*40 

21-46 

19*33 

64*89 

1*481 

47*67 

103*1 

8*50 

21*80 

28*89 

62*48 

1*520 

54*90 

104*0 

9-80 

22*00 

32*47 

61*53 

1*532 

40°C. 

04.74 


11*54 


50-62 


1*288 

63*21 

23*85 

11*27 

4*84 

45*02 

17-49 

1*358 

63*86 

49*79 

11*38 

10*53 

42*68 

33*27 

1*428' 

66*44 

79*46 

11*84 

16*80 

40*65 

48*63 

1*505 

71*64 

112*0 

12*77 

23*68 

.39*75 

62*11 

1*573 

74*06 

116*2 

13*20 

24*58 

40*04 

62*88 i 

1*570 


105*2 


22*25 


72*87 

1*421 

20*33 

109*9 

3*62 

23*24 

13*03 

70*44 

1*476 

43*92 

112*2 

7*83 

23*73 

26*16 

66*85 

1*526 

68*72 

116*2 

■12*25 ■ 

24*56 

37*95 

64*14 

1*573 

72*89 

115*5 

12*99 

24*43 

39*95 

63*35 

1*581 

Ol^^C. 

202*8 


36*14 


103*9 


1*552 

200*8 

43*40 

35*80 

9*18 

94*44 

20*17 

1 1*615 

207*2 

92*90 

36*93 

19*65 

86*71 

38*87 

1*674 

229*5 

156*2 

40*90 

33*03 

82*72 

56*28 

1*751, 

249*4 

205*6 

44*45 

43*50 

80*41 

66*31 

1*790 


160*8 


34*00 


93*76 

1*521 

55*75 

173*1 

9*90 

36*61 

27’*30 

i 84*75 

1*610 

128*5 

186*0 

22*90 

39-34 

52*54 

! 76*06 

1*695 

211*7 

200*0 

37*73 

42*30 

73*39 

69*33 

1*774 

251*8 

206*5 

44*86. 

43*67 

80*46 

I- 

66*04 

1*785 
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THE SYSTEM POTASSIUM NITRATE, ETC. 



State 


The System 




MATERIALS 

IN R.BACTION VESSEL. 





decl 


At equilibrium 

r. 

System. 




In solntion. 

Solid 

phases. 


NaNO, 

grms. 

NaCl 

grms. 

H,0 

grm.s. 

NaNO, 

grms. 

NaCT 

grms. 

NaNO, 

grms. 

j NaCl 

1 grms. 

1 

ISra.NO.-{ 

110-0 


121-1 

106-1 


i ■ 

1 TemperafMra 
i ' 

' 3-90 ^ 

NaNO., + Nad (1) .. 

107-4 

12-00 

117-5 

84*60 

12-06 

22*80 .. 

{ 

NaNO... 4- NaCl, (2) .. 

io:i-6 

23*39 

112-1 

65-53 

23-42 

38-03 

1 

NaNO;; + NaCl (3) .. 

lOM 

33-58 

107-4 

58*46 

26-74 

42-58 

6-k 

NaNO., + NaCl (4) .. 







NaCi ■ 


56-00 

13*8-7 

1 

49-41 


6-59 

NaCl + NaNOa (1) .. 

29-90 

53-00 

124-4 

29-87 

38-50 


14*50 

NaCl 4- NaNO..j (2) 

58-86 

51-40 

118-9 

58-57 

30-62 


i 20-78 

NaCl + NaNO., (3) .. 

81-52 

50-18 

113-2 

61-08 

28-26 

20-44 

21 -92 

NaCl + NaNO,, (4) .. 







NaNO;j 

118-0 


118-6 

113-7 


Temperature 

4-30' [ J 

NaNO,, + NaCl (1) .. 

113-6 

11-00 

113-2 

92-21 

11 -ck 

21-43 

1 

NaNO., + NaCl (2) .. 

109-4 

20-99 

107-1 

72-73 

21-00 

36-70 


NaNO;, + NaCl (3) .. 

' 106-4 

30-1 1 

101-8 

64-54 

23*82 

41*85 

6-29 

NaCl .. 


53-00 

128-4 


46*64 


6-36 

NaCl + NaNO.-, (1) .. 

29’-k) 

51-14 i 

122*4 

2!)-(i3 

38- 1 5 


12-99 

NaCl + NaNO,, (2) .. 

56*57 

49-57 j 

116-1 

55*90 

30-59 


18-98 

NaCl + NaNO., (3) . . 

79-83 

48-62 I 

111*4 

70-27 

26-18 


22-44 

NaCl + NaNO (4) .. 


1 



• • 



NaNO.-, 

114-7 


100-9 

106-1 

! 

Temperature 

..8-6 '!' ■ J 

NaNO,, 4- NaCl (1) .. 

125-0 

12’-{)0 

112-8 

101-4 

12*- IS 

23-59 1 


NaNO., + NaCl (2) . . 

121-4 

23-57 

106-5 

80-26 

23*04 

41 -.Ij^ i 

0-53 

NaNO,, + NaCl (3) .. 

118-2 

33-75 

100-1 

74-02 

'21*72 

44*21 i 

12-03 

NaCl 


55-80 

139-4 


50-90 


4-90 

NaCl + NaNO:, (1) .. 

35-6o 

52-89 

126*0 

34*41 

38-47 

1 

14-42 

NaCl + NaNO,, (2) .. 

63-35 

51-25 

117-7 

64-52 

31-19 

' . . 1 

20-0() 

NaCl + NaNO., (3) .. 

90-93 

50-08 

110-8 

81-95 

24-24 

8*98 1 

25*84 

NaCl + NaNO;t (4) .. 

•• 







NaNO:, .. 

139-9 


76-00 

122-2 


Temperature ! 
17*70 i .1 

NaNO,, + NaCl (1) .. 

130-0 

7-6o 

80-00 

119-6 

7-22 

10-40 


NaNO., + NaCl (2) . . 

122-9 

13-47 

66*94 

94-60 

10-60 

28-29 

2-87 

NaNO;, + NaCl (3) .. 







NaCl ■ .. .. 


53*00 

11*9-4 


46-k ■ 


6-70 

NaCl + NaNO:, (1) .. 

40-00 

41-90 

106-7 

39-k 

32*23 


9*67 

NaCl + NaNO:, (2) . . 

77-32 

39*74 

97-04 

77*29 

22-48 


17 •26 

NaCl + NaNO., (3) .. 

112*0 

38-24 

88-38 

112-4 

15-07 


23-17 ■ 

NaCl + NaNO^ (4) .. 

134-9 

36-64 

77-46 

110-0 

12-31 

24-90 

24-33 




! 

I 
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MENT IV. 

NaNO^, NaGl, Hfi. 


CONCENTRATION OF SALTS IN SOLUTION. 


Per 100 gruis. 
water. 


30®C. 

95*90 

81*46 

67*91 

63*40 


Per 100 moles 
water. 


NaNO, 

moles. 


Per 100 c.e. 
solution. 


Speeific gravity. 


weight 

volume 


40°C. 

105*2 

89*90 

75*29 

74*01 


9rc. , 
160*8 
149*5 
141-3 
140*9 
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THE system potassium NITRATE, ETC. 





The first consideration is a comparison between the concen- 
trations found in any system, on the one hand when salt B was 
added to the saturated solution of A until B appeared also as a 
solid phase, on the other hand when salt A was added to the 
saturated solution of B until A was in excess. This comparison 
of the data in the statements shows that the agreement between 
the concentrations when both salts were in excess was very close 
indeed, the differences being quite small, and hence the concen- 
trations found are reliable. Then the chart as well as the data 
shows for the first four systems readily what the effect is of adding 
one salt to the solution of the other. It is perfectly regular at all 
temperatures and is simple ; 

{a) in the case of systems — 

{vi%) NaCl, KCi, H^O. 

(ww) KCl, KNO 3 , HA 
(vi) NaCl, H.,0. 


the one salt decreases the solubility of the other salt. 

(b) In the case of system- — 

(v) KNO,, NaNO,, H^O. 

the one salt increases the solubility of the other salt. 

The; case of the ninth system, KNOs -t- NaCl, will be separately 
considered. 

Further the chart shows very definitely that this effect of the 
oAi& salt on the solubility of the other is not a simple linear one, 
but that it is logarithmic ; the curves on the chart are simply 
hand drawn through the points representing the determinations, 
as it was not considered worth while to calculate the values for the 
thirty-two curves W’hich are derivable from the data. 

In one case, namely, the curves representing the solubility of 
NaNOj in NaCl saturated solution at 30° and 40° C. the two lie so 
close together that they could not be separated on the scale of the 
original chart, which was about four times that of the reproduction, 
and this explains the presence of only three curves in this section. 
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As regards the relative effect of one salt on the solubility of the 
other in these four systems, the ratios which are set out in the fol- 
lowing statement are interesting: — ■ 

Effects of added salts. 


These ratios are simply the relative solubility of a salt A 
when the second salt B is present in excess ; the solubility of A when 
alone being taken as unity. They show clearly how the presence 
of one nitrate increases the solubility of the other nitrate, whereas 
in all other cases the solubility is decreased when a second salt is 
added. The ratios vary with the temperature systematically, 
either increasing or decreasing. 

The system KNOj, NaCl, HjO. 

The data relating to the ninth system is left for separate con- 
sideration because it is naturally more complicated. It is a system 
of four components (including water) and there will be therefore, 
when excess of both the initial salts is present and at a fixed tem- 
perature, five phases, three of which are solid ; over a certain 
interval however there may be present only one or two solid phases. 
There may also be a transition point. 

It has already been remarked how that, coirsidering the com- 
mercial importance of the relations of these salts, the published 
information is remarkably limited. Lowenherz^ has published 



2o°a 

30°C. 

40°0. 1 OIT. 

Relative 

Increase, 

Relative 

Decrease, 

Relative 

Inoiease. 

Relative 

Decrease. 

Relative 

Increase. 

Relative Relative Relative 
Decrease. Increase. Decrease. 

KCl on NaCa . . 


•835 


•823 


•818 .. *733 

NaCl on KCl . . 

. , 

•444 


1 -448 


*462 *618 

KNO, on KCl . . 


•958 


•943 


*923 .. *745 

KCldnKNO, .. 

. . 

•586 


•588 


•607 .. -804 

NaNO.. on KNO., 

1-271 

* • 

1*221 


i-ka 

1-225 

KNO, on NaNOl 

1-076 


1-085 


1*098 

1-280 

NaCl on NaNO, “ 

. • 

•ek 


•ek 


•703 .. *876 

NaNO, on NaCl 


*694 

• • 

•648 

*• 

•593 .. -411 


^Zeits, /. Phys* Ohe7me* ZJ.11, 459* 



a theoretical consideration of the system, but gives no details of 
the concentrations that he obtained at the temperature he employed 
which was 25° C. He makes the remarkable statement that KNOg 
and NaCl cannot exist together in solution. So far as this point 
is concerned, it is only necessary to bear in mind the fact that if .p 

sodium nitrate is added to concentrated potassium chloride solution, 
sodium chloride is precipitated, in order to realise that the statement 
is not correct. Etard^ has published data of the solubility of 1 

a mixture of KNOg and NaCl in water at temperatures between | 

0° and 170°. These data, grins, per 100 grms. solution, compare, i j 

after translation into the terms adopted by us, fairly well with 
ours, hut he leaves the third salt, which must be present in the satu- 
rated solution, unnoticed. 



E. Janecke® quotes data which were obtained by Kenjiro 
Uyeda-Kyoto at 25°C. which also agree with ours, but he enters 
the same three salts, namely, NaCI, NaNOg and KNOg as being 
in solution and as the solid phases together. 

An examination of statement V shows that wp to certain con- 
centrations (i) at temperatures 20° and 30° C. the solubility of the 
one salt is increased by the addition of the other ; at 40°C. this also 
applies to the effect of KNOg on the solubility of NaCl, but that 
the solution of KNOg remains approximately constant for 
successive additions of NaCl ; at 90° the solubility of each salt 
is increased by the other. 

(ii) The character of the system at low concentrations of one 
salt is simple, for up to a certain, point the solid phase consists 
simply of that which is initially present in excess. 

{Hi) After the quantity of the second salt, say B, exceeds a 
certain limit, a new solid phase, say C, commences to form, whilst at 
the same time an equivalent quantity of D is formed in the solution. 




^ Ann. Chem. Phys. (7) 3, 383. 

* Zeiis. /♦ amrg. chem,, 1911, LXXI, p, L 
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Contimied addition of salt B causes a continued forznation of salts C 
aizd D until the concentratioiz of D iiz the solutiozz I’eaches a certain 
limit. Among our experimeizts at temperatui'e 91 ° C there are 
several interesting instances. Following the upper section stateznent 
V in which NaCl was added gradually to a solution of KNOj contahi- 
ing KNO3 in excess, this salt was present as solid phase until more 
than 22‘95 grins. NaCl had been added. Further addition of NaCl 
to 31‘02 grms. caused a precipitation of KGl accompanied naturally 
by the formation of an ecpuvalent amount of NaNOj in solution, 
which change was made at the expense of the solid KNO3, so that 
this disappeared and the only solid phase for the time being was 
KCl. Further addition of KNCb and NaOl caused complete 
saturation and both these salts appeared as solid phases. Simi- 
larly when KNO3 was added, in portions to a saturated solution 
of NaCl including NaCl as solid phase, a point was reached when 
KCl was precipitated, and an etpiivalent quantity of NaKOj 
formed in the solution, the change being effected at the expense 
of the NaCl which was present as solid phase ; at this stage there 
was again only KCl as solid phase, whilst the solution contained 
the three salts, KNO3, NaCl, NaNO*. Further addition of KNO3 
caused first an increase of both KCl and NaNOj uirtil when the 
NaNOs = 0'94 moles per 100 moles water, the formation of NaNOs 
and KCl ceased, and KNO3 appeared as a solid phase ; thus there 
were at this stage two solid phases. 

The case is best exemplified by data taken from statement V 
for temperature 91 °C and which are : — 

Quantities expressed in moles per 100 moles water. 



Total salts used. 

Salts present in 

solution. 


No. : 

KNO., 

NaCl 

KNO«; 

NaCl 

NaNO, 

Solids. 

.• 1 

22-8 

15*3 ■ ' ' . 

22^62 

13*64 


NaCl 

2 b: 

35*5 

18*2 

31*33 

12*57 

4*65 

KCl 

3 

50*5 

19*2 

38*24 

11*97 

6*94 

KCl, KNO., 

4 

42*0 

IM 

37*55 

11*00 


KNO.. 

'0.,' 


16*3 

38*01 

11*67 

5*18' 

KCl ” 


53*8 

23*8 

38*99 

12*03 

6*88 

KCl, KNO 

1 ■ 



202 thE system TOTASSiUM nitrate, etc. 

In this the quantities of salts and water employed as also those 
present in solution and as solid phases are expressed as moles per 
100 moles water. 

Thus :■ — 

(i) On adding NaCl to a saturated solution of KNO3 in 
presence of excess KlSTOa, the solid phase is KNO3, 
until more than about 1T25 moles NaCl have been 
added. Further addition of NaCl then causes the 
change KNOs + NaCl = NaNO^ + KCl to set in 
with precipitation of KCl. This change continues 
until the concentration of NaNOg in the solution 
reaches 6-9 moles, when further addition of NaCl 
simply remains undissolved. It is assumed that for 
the above changes there is sufficient KNO3 in the 
solid state to provide for the complete change, i.e., 
at least 6'9 moles. Excess of KNO3 above this 
quantity remains as a solid phase. 

(m) On adding KNOg to the saturated solution of NaCl 
and in presence of an excess of this salt, the preci- 
pitation of KCl commences when the concentration 
of KNO3 exceeds about 26-6 moles and continues 
(assuming of course a sufficient excess of NaCl) until 
the concentration of NaNOs reaches 6-9 moles, after 
which further additions of KNOg remain undis- 
solved. 

This example is the best we have, because at this tempera- 
ture the quantities of NaNOg and KCl which appear subsequent 
to certain concentrations are much in excess of an experimental 
error. • 

The concentration of the solution which is obtained when 
excess of NaNOg and KCl are employed has been ascertained at 
t = 40°C. The data thus obtained are set out below in con- 
junction with those which were obtained from KNO3 phis NaCl. 


■'•’X • n 
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■ ■ ■ ’ ■ , 

grins, per 100 grins. H._,0 

i 

Km, 

NaCl 

Klim, 

1 ex NaNOs+KCl .. .. 

. , 64*2o 

. 

38*73 

3-04 

2. ex KN0,+NaCl 

64-77 

.38-79 

2*87 

3. ex NaCl+KNO„ 

64-60 

39-06 

3*28 





i 


Transition point. | 

With an, excess of KNO 3 and NaCl at temperatures down 
to 31° C., measurable amounts of KCl are formed as solid phase j 

together with equivalent quantities of NaNOj in solution. At 
temperature 28° and lower on the other hand, in presence of excess • | 

of KNO 3 and NaCl, a measurable amount of NaNOj is found in 
the solid phase, with an equivalent of KCl in solution. There is | 

thus a transition in the nature of the solution and solid phase res- 
pectively. Statement No. VI shows the quantities of salts found 




in solutions at different temperatures between 20 ° and 91° C. On 
chart No. 3 the concentrations in moles per 100 moles water of KCl 
and NaNOs respectively, at increasing temperatures, are set out. 
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Stateiiieiit ■ VI — Excess of KNO3 + excess of NaCl betweeii 
temperatures 20*^0. and Ql'^C. 



Parts per 100 parts HgO. 

Moles per 100 moles H.jO. 

Temperature. 





KOI 

■ XaXOs 

KNO, 

NaCI 

KOI 

KaXO, 

20°C 

37-12 

37-77 

1-01 


•24 


22-9^0 

41-05 

38-55 

-67 


-16 


23°G 

41-15 

38-00 

•95 


•23 


23°0 

41-00 

37-86 

M6 


•28 ■ ■ 


25-9°C 

45-16 

38-96 

•30 


•072 


26^0 

44-87 

38-75 

•40 


•10 


26°C 

44-84 

38-93 

•30 


•07 


26°C 

44-98 

38-98 

•21 


*051 


28TJ 

47-35 

38-96 

•17 


•041 


28°a 

47-38 

39-16 

•11 


•027 


29-8®C 

49-42 

39-11 

•17 


•041 


29TUC 

50-07 

39-08 

Nil 


Nil 


30®C 

49-24 

38-72 





30®C 

49-26 

39-08 




^ -09 

31-7®C 

52-68 

39-05 


•40 


32“C 

52-49 

38-84 


•63 


•13 

32-2°C 

52-60 

39-13 


•56 


•12 

34*8°C 

56-32 

39-14 


1-30 


•28 ■ 

34-9“C 

56-76 

39-27 


1-49 


•32 

35%* 

57-18 

38-75 


1-54 


•32 

40°G 

64-66 

39-06 


3-28 


•69 

40"C 

64-02 

39-18 1 


2-33 


•49 

'40°G 

63-92 

39-23 1 


3-00 


-63 

45°C 

73-35 

38-92 i 


4-42 


■ *94 

55®G 

94-00 

38-74 1 


8-71 


1'84 

65"G 

119-50 

38-47 1 


13-07 


2-76 

9ro 

218-80 

39-08 


32-52' 


6*88 




INTRODUCTORY 


In 1909 we published^ data respecting the system water, 
calcium carbonate, carbonic acid, at temperatures varying from 
20° to 40° C. and for a partial pressure of CO^ in the gas phase which 
varied from zero to about 35%. 

In the first part of the present Memoir we provide similar 
data for the corresponding system magnesium carbonate, carbonic 
acid and water. 

The second part deals with the more complex system, calcium 
carbonate, magnesium carbonate, carbonic acid, water. 
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THE SYSTEMS :- 

(A) WATER, MAGNESIUM CARBONATE AND 
CARBONIC ACID, 

(B) WATER, CALCIUM CARBONATE, MAGNESIUM 
CARBONATE AND CARBONIC ACID. 


J. WALTER LEATHER, V.D., Ph.D., F.LC. 

Imferial Agricultural Chemist 

AND 

JATINDRA NATH SEN, M.A., F.C.S. 
Supernumerarg Agricultural Chemist, 


PART I 

The system MgCOj, CO2, H2O in contact with air. 

The investigation of tke system MgCOj, CO2, H2O, air, is 
obviously similar to that of the corresponding CaCOj system, but 
differs from it chiefly by the fact that the magnesium bicarbonate 
solution is very much more stable and hence requires a much longer 
period of time to come into equilibrium with the gas phase. It 
is also very much more soluble in water. 

Prepamtiow 0/ pifre MgCOg, 3H2O.— Pure magnesium chloride 
in solution was precipitated by the addition of sodium carbonate, 
and the magnesium carbonate was washed with COa-free distilled 
water, until free from sodium, as determined by the flame test. 
Another method which was adopted during the earlier stages of 
the work, consisted in dissolving magnesium carbonate or magne- 
sium oxide in water by carbonic acid and agitating the clear solu- 


■200 


MAGNESIUM BICAEBONATE 



tion of tlie bicarbonate wit li air. The precipitated carbonate was 
again dissolved and precipitated twice. Analysis showed that it 
consisted of MgCOj, SHoO. 

Preparation of solution of Mg(HCO.,)2.— Magnesium carbonate 
was agitated with water and carbon dioxide gas in stoppered bottles, 
the air being first displaced, at room temperature, until the absorp- 
tion of carbon dioxide ceased. The undissolved carbonate was 
allowed to settle and the clear solution was drawn off as recj^uired. 


Method of obtaining equilibrium .- — As a consecpience of the 
comparative stability of the bicarbonate, the agitating machine 
which had been employed in the case of calcium bicarbonate was 
found to be unsuited to our present purpose. Indeed it was some 
time before a suitable machine was devised and constructed. For, 
in order to obtain equilibrium in this system it is necessary to 
maintain the mixture in a state of rapid agitation for at least a 
number of days, and at the same time to provide that the total 
pressure in the apparatus shall be very frec[uently corrected to that 
of the atmosphere. For some time bottles containing the solutions, 
plus gas were rotated on a frame in a large tank of water, but the 
agitation proved to be too moderate. Finally the apparatus which 
is illustrated in Figs. I and II was constructed and was found 
to answer the requirements of the case. Fig. I is a sectional ele- 
vation. A is a tank measuring 3 feet by 3 feet by 3 feet filled with 
water. Its temperature is maintained constant, when above the 
room temperature by means of a lamp underneath and a Novy’s 
thermo-regulator ; when a temperature lower than that of the 
atmosphere was required, ice was added periodically. A stirrer 
maintained the water in circulation. The body of water was so 
large that the temperature of this tank was readily maintained 
within •5°C. of that desired. In the centre of the tank A was a 
smaller tank, D, measuring 24" x 16" x 14", the upper edge of which 
was 6" below that of the large water tank ; it was fixed rigidly to the 
large tank by bolted rods. Iirside tank D, a wooden box H, fitted 
to contain six reaction bottles, was suspended by chains C, C, 
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(Fig. II) at either end. At the front it was connected by a cord 
tlirongh pulleys to the crank-disc E, and motion to the latter was 
provided, by the belt F from a hot-air engine. (I is a %-wlieel to 
provide for momentum. During one-half of a revolution of the 
disc E, the cord was tight and drew the box H forward ; during the 
second-half revolution the cord became slack and the box H swung 
back. The motion given to box H was thus an irregular one, and 
caused the liquid in the bottles to splash. The agitation was thus 
as good as though each bottle was shaken by hand. The bottles are 
illustrated at J in Fig. I and more perfectly in Fig. Ill, Each was 
closed by a rubber stopper through which two pieces of manometer 
tube were passed. These tubes were bent as shown in the figure 
and that mouth of each tube, which was towards the inside of the 
bottle, was blown ai the side of the tube (K. Fig. III). Thus by 
drawing either tube into the rubber stopper, its mouth became 
automatically closed. If a tube was pushed into the bottle its 
mouth communicated with the atmosphere. During the agitation 
of the bottles in box H, one of the two tubes was drawn into the 
stopper and remained closed ; the other was pushed into the bottle, 
but was fitted with an india-rubber tube and pinch-cock at the 
outer end. Hence in order to bring the pressure of the gas inside 
the bottle into equilibrium with the atmosphere, it was only neces- 
sary to open the pinch-cock. It was necessary however to provide 
that the liquid in the bottle did not cover the end of this tube ; 
the pressure in the bottle was usually initially above that of the 
atmosphere, and had the bottle contained too much liciuid a portion, 
of this would naturally have been ejected when the pinch-cockj I- 
was compressed. For the first short time after mixing the liquids', ^ 
in the bottles, as detailed below, the bottles were hand-shaken 
repeatedly so as to allow of the more ready escape of the first and 1 
larger portion of the gas. 

It will have been noticed that whilst the tank D was immersed 
in the water of tank A up to near its upper edge, its upper face 
had to be protected and insidated. In order to provide for this, 
a thick quilt of cottonwool was placed on the bottles of box H, and 
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the tank D had a loose wooden cover over which another cotton- 
wool quilt was spread. Whilst therefore the temperature of the 
box H could not be expected to coincide exactly with that of the 
water in tank A, it became very uniform and constant and the 
temperature of tank A was accordingly regulated so that the tem- 
perature in box H became what was desired. 

Ascertawing the temferattwe in hox H . — It would not have 
been sufficiently accurate to place a thermometer in box H and to 
take it out in order to observe it, for its temperature would have 
often sufiered change in doing so. In order to ascertain this tem- 
perature correctly, a small thermometer, graduated to •2°C. was 
passed through a rubber stopper which fitted a tube of water. This 
tube of water remained in box H, and, provided it had remained 
there for a sufficient time to assume the temperature of H, it could 
be taken out and the thermometer read without the latter suffering 
any appreciable change of temperature. 

We have described this apparatus in detail because we have 
met with no similar one in the literature. 

Method of obtaining suitable yyiixtures.—Hie preliminary work 
on this system although not accurate, had provided approximate 
information as to the quantity of magnesium carbonate which 
remains in solution under ’specified conditions of temperature and 
CO2 partial pressure. It was comparatively easy then to place 
in any bottle that quantity of concentrated magnesium bicar- 
bonate solution and water which would eventually yield a partial 
pressure of approximately x % CO^. A quantity of precipitated 
magnesium carbonate was also added. As will be seen from the 
data on pp. 213-217, the partial pressures at equilibrium were well 
distributed between the desired limits. 

After introducing the measured portion of concentrated bicar- 
bonate solution and the required amount of water together with 
some precipitated[;MgC03, the stopper was inserted and the mixture 
hand-shaken^ whereby carbon dioxide was evolved ; the clip was 
therefore opened repeatedly during the period of hand-shaking, 
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and tlie latter continued until the evolution of C '02 gas became 
negligibly small during short periods of time. The bottle was then 
.placed in the shaking machine. The evolution of COg continued 
of course for days, but the amount subsequently evolved could 
be readily released by periodical opening of the pinch-cocks. It 
was natural that some drops of lic|uid were always pi’csent in the 
capillary tube N and the movement of these drops served as the 
indicator of difference of pressure between the gas in the bottle 
and the atmosphere. 

Method of obtaining samples of the Uqnid and gas phases,- I\hen 
by repeatedly opening the pinch-cocks of the bottles in the shaking 
machine it was ascertained that the internal pressure had ceased 
to change, it was assumed that equilibrium between the three 
phases had set in. It was naturally necessary, in order to be sure 
of this, that the temperature had remained constant and also that 
a sufficient time elapsed between tests. Usually the agitation 
was continued for at least a full 24 hours after no further alter- 
ation of pressure inside the bottle was observed. 

It was then necessary to determine the composition of both 
the liquid and the gas phases. Tor this purpose the bottle must . 
be removed from the shaking machine without any greater alter- 
ation of temperature than could be avoided, and samples of the gas| 
and licpiid must be removed without change of composition. Toj< 
this end the following mode of operating was adopted: Thteb'C- ^ 
bottle was removed from the shaking machine and immersed at , y ’ 
the tank in a large glass vessel containing water at the same’'\^ ^ 
temperature as that of the shaking machine ; thus each bottle 
was subjected to a minimum of exposure to the room tern- 
perature. 

A sample of the gas was then withdrawn as follows (See 
Fig. III). The exit tube of the Plimpton gas-holder P was filled 
with mercury and was then connected with the rubber tube of capil- 
lary N ; the other capillary tube T of the reaction bottle was con- 
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nectecl. to tlio mercury reservoir M, the outlet tube of wbieh. bad 
been already filled with mercury ; the lower end of this capillary T 
was then pushed into the bottle. On opening the clip N communi-. 
cation was made between the gas in the bottle, and the Plimpton 
gas -holder, whilst on opening the tap S communication was made 
between the mercury reservoir and the reaction bottle. Both clip 
and tap were opened as simultaneously as possible and the flow of 
mercury was regulated so that the gas could flow into the gas-holder 
without any great alteration of total pressure in the reaction 
bottle. It is hardly necessary to mention that any such alteration 
of pressure would tend to upset the ecpiilibrium between the gas 
and liquid phases. Immediately after taking this sample of the gas, 
both the mercury reservon as also the gas-holder were disconnected 
from the reaction bottle. 

A sample of the filtered liquid was next required. It was in 
practice impossible to obtain this without exposing the liquid more 
or less to the atmosphere. Even if it were passed on to an otherwise 
closed filter successfully, which would not be easy of execution, 
the filtered licpiid would be exposed to ordinary air containing a 
much lower partial pressure of CO^ than the liquid had been brought 
into equilibrium with. On the whole it was considered best, after 
much consideration and attempts to design specially suitable 
apparatus, to simply pour the muddy reaction fluid on to a good and 
large sized paper filter, one working as rapidly as the circumstances 
of the jnecipitate would admit, and to depend rather on rapidity of 
operation, and consequent limit of time, for avoidance of change 
in the composition of the liquid phase. The fluid was therefore 
simply poured on to a 15 cm. S.S. ‘ " white ribbon ’ ’ filter paper, the 
supply being regulated so that the filter remained fairly full 
whilst the following specimens of filtered liquid were being taken. 

It may be mentioned that in no case, not even with the more con- 
centrated solutions, was there any perceptible precipitate of 
MgCOg in the filtered liquid until long after the portions had been 
taken for analysis. 
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Methods of analysis . — Tlie first 5 to 10 c.c. of the filtrate was 
discarded. Then a suitable quantity was run directly from the 
funnel into a weighed Erlenmeyer flask and the stopper inserted. 
From this portion the amount of total COj was ascertained. 
Thirdly, another suitable cjuantity of filtrate was measured by a 
pipette into a beaker for subsequent titration, from which the 
amount of base was determined. The closed Erlenmeyer flask was 
now weighed. The stopper of the Erlenmeyer flask carried a tapped 
HCl-supply funnel as well as an outlet tube for gas (closed 
temporarily until attached to the condenser). 

Considering the total CO^ first, sufficient hydrochloric acid 
was run into the solution to render it acid. The acid liquid was 
then cautiously raised to a boiling temperature. The outlet tube 
of the flask had been connected to an inverted condenser, which 
again was connected to H2SO4 drying tubes and soda-lime tubes. 
The evolved 00^ was thus expelled from the reaction flask and 
finally brought into the soda-lime tubes in the usual manner. 
The “ total ” CO., in the solution taken was thus ascertained. 

The other quantity of filtered solution was titrated with stan- 
dard H2SO4, methyl orange being employed as the indicator, from 
which the amount of MgCOs could be deduced. The equivalent of 
this quantity is styled “combined” 00,, and the difference between 
this and the total CO^ is styled “ free ” COj. 

In the case of the system CaCOs, CO^, H.O the amount of 
‘ ‘ free ’ ’ CGo is always largely in excess of the ‘ ‘ combined ’ ’ CO^, 
and the salt Ca(HC03)2 even if it really exists, can only do so in 
the presence of a considerable concentration of H0CO3. The cor- 
responding magnesium salt is how'ever very much more stable 
and the quantities of “ combined ” and “ free ” CO^ in solution 
within the hmits of pressure and temperature which we have 
employed are nearly equal. These terms “ free ’ and com- 
bined ” CO^ are merely a convenience. 

The sample of gas in the Plimpton gas-holder was analysed 
for CO.2 in the usual manner. 
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Mode of expressing the residts .' — Although the solution of MgCOa 
+ HoCOs is so nearly one of Mg(HC 03)2 it is simpler for practical 
purposes to express the concentration of MgCOj and CO 2 separately 
and to calculate each as a function of the partial pressure. 


Therefore from the data obtained at each temperature the 
constants in the expression 

C‘' = k p 

have been evaluated for MgCO- and COj respectively. It was 
necessary here to bear in mind that MgCOs is appreciably soluble 
in pure water. The published data vary somewhat ; Treadwell 
and Reuter^ found 19 m. grms., Cameron and SeidelP from 17 
to 22 m.grms. per 100 c.c. For our purposes we took 20 m.grms. as 
being nearly correct. The formula then becomes 

log [C — 90] = ^ogk + %P 

: n 

C = m.grms. per 100 c.c. 

p = % CO 2 in gas phase. 

On plotting the constants n and log k against the temperature 
it was apparent that there were slight irregularities in them* and 
that better values would be obtained by assuming that each was a 
linear function of the temperature. The following final values 
for temperatures between 20° and 40°C. were then obtained by the 
method of least squares : — 

For MgCOa : 

log k = 4-24358 — -041049 t 
n = 1-62098 — -0029114 t 

ForCO^: 


log k = 3-44718 — -019142 t 



n = l-42957 + -0068174 t 


‘ Zeits. anorg. Ohtmie, 1898, Vol. 17, p. 200. 
* Jour. Phy^. Ohem„ 1903, Vol. 7, p. ,388. 
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. CHART -II. 

Temperature C. 


Temperature 25°C. 

The subjoined statement shows the concent 
and COj as found and calculated for each exp< 
pressure of CO 2 in the gas phase. 

For MgCOs, n = 1-54819, log k = 3-21735. 
CO 2 , n = 1-60001, log k = 2-96863. 


Statement 11. 


in. grins. 


moles. X 10=^ per 100 moles water 


found. 


found. 


found. 


found, i 
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Temperature 30°C. 

Tlie subjoined statement shows the concentration of MgCO^ 
CO 2 as found and calculated for each experimental partial 
sure of CO 2 ill the gas phase. 

ForMgCOs, n = 1-53363, log k = 3-01211.’ 

CDs, n = 1-63410, log' k = 2-87292. 


Statement 111, 


moles X 10^ per 100 moles water 


m. grins. 


calcU' 

iateci 


found 


found. 



lg.CO^ 

* 

■ 

■ 

n 

mm 

m 

m 


MgCO, 

CO 


found. 

caleti^ 

lated. 

found. 

calctn 

lated. 

17*0 

■ 

16*8 

16*7 

15*3 

30*9 

31-1 

31*0 

31*3 

53 -0 

46*4 

54*3 ■ 

47*7 

93-9 

91*7 

97*7 

94*7 ' 

154-3 

150*6 

158*5 

153*6 

205*7 

185*5 

222*4 

187*8 
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Temferat'ure 34°C. 

The subjoined statement shows the concentration of MgCOs 
and CO 2 as found and calculated for each experimental partial 
pressure of COj in the gas phase. 

ForMgCOs, n = 1-32198, log k = 2-84791. 

,, COo, n = 1-66137, log k = 2-79635. 


Statement IV. 


p* 

m. grins, per 100 c.c. 

moles X 10*" per 100 moles water. 

?o COjj in gas 
phase. 

MgCO„ 

CO., 

MgCO, 

'CO, 

found. 

calcu- 

lated. 

found. 

r-d 

calcu- 
lated. i 

found. 

calcu- 

lated. 

found. 

calcu- 

lated. 

M 

1*9 

5*0 

35*9 

33*9 

56*8 

97*2 
f 145*2 
259*2 
468*0 
741*6 
988*8 

. . ■ , 

99*1 

133*3 

247*8 

477*7 

.772*7 

1076*5 

52*4 

75*9 

149*4 

277*5 

440*6 

568*2 

51*1 

71*0 

134*5 

254*9 

402*0 

548*4 

20*8 

31 *1 
55*6 
100*3 
158*9 
211*9 

21*3 
28*6 
53*1 
' 102*4 

1 65*6 
230*7 ^ 

21*4 i 
31*0 
61*1 
113*5 
180*2 
232*4 

20*9 

29*0 

55*0 

104*3 

164*4 

224*3 
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Tempemtiife 39°C. 

The subjoined statement shows the concentration of MgCOs 
and CO 2 as found and calculated for each experimental partial 
pressure of CO 2 in the gas phase. 

For MgCOs, n = 1-50742, log k = 2-64267. 

CO 2 , n = 1-69546, log k = 2-70064. 


Statement F. 


P* 

m. grms. per 100 c.c. 

moles X 10'^ per 100 moles water. 

% CO 2 in gas 
phase. 

MgC0„ 

CO.> 

MgCO, 

CO.. 

. found. 

calcu- 

lated. 

found. 

calcu- 

lated. 

found. 

calcu 

lated. 

found. 

calcu- 

lated. 

1*0,' 

1*5 

4*9 

14*7 

28*2, 

50-0 

60*0 

98*4 

196*8 

357*6 

511*2 

684*0 

76*6 

94*1 

182*5 

356*9 

539*0 

778*9 

34*1 

41*6 

96*4 

191*7 

300*1 

409*2 

39*2 
49-7 
100*0 
191 *1 
280*7 
393*5 

12*9 

21*1 

42*2 

76*6 

109*6 

146*6 

16*4 

20*2 

39*1 

76*5 

115*5 

166*9 

14*0 

17*0 

39*4 

78*4 

122*7 

167*4 

16*0 
20*3 
40*9 
, 78*2 
114*8 
160*9 
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Statement V I .—Calculated, concentrations of MxjGO:^ and 00.^ 
(milUgra, ms per 100 c.c.) 


p 


25^0 

30"C 

34°C 

39"C 

% CO ,3 in 

Mo-CO., 

CO. 

Mo CO.. 

CO. 

MoCO., 

CO., 

AlijCO.. 

CO.v 

MoCO., 

GO.; 

gas phase 











*5 

119*4 

58*2 

96*5 

46*5 

78*6 

37*5 

67*2 

31*8 

55*8 

26*0 

l-O 

174-9 

90*6 

139*7 

71*7 

112*1 

57*3 

94*3 

48*2 

76*6 

39*2 

2-0 

261*4 

141*0 

207*3 

110*5 

164*6 

87*6 

137*2 

73*2 

i 109*7 

58*9 

3-0 

333*4 

182*6 

263*4 

142*4 

208*4 

112*2 

173*0 

93*4 

i 137*4 

74*9 

4‘0 

396*2 

219*0 

313*1 

170*5 

247*3 

133*8 

204*8 

111*1 

' 162*1 

88*7 

5*0 

453*9 

253*1 

358*5 

196*0 

282*9 

153*4 

234*0 

127*0 

184*7 

101*2 

10*0 

696*1 

394*0 

549*7 

302*3 

433*1 

234*5 

357*5 

192*8 

280*9 

152*3 

15 0 

896*4 

510*5 

708*3 

389*4 

558*2 

300*5 

460*5 

246*1 

361*4 

193*4 

20-0 

1073*5 

613*4 

848*9 

466*2 

669*2 

358*3 

552*1 

292*6 

433*2 

1 229*2 

25*0 

1235*2 

707*3 

977*4 

535*9 

770*9 

410*8 

636*2 

334*7 

499*2 

261*4 

30-0 

1385*6 

794*7 

1097*0 

600*6 

865*7 

459*2 

714*6 

373*5 

560*8 

291*1 


Summary in respect of this system. 

1. Tlie concentration of solution of Mg(HC 03)2 in respect 
of any specified partial pressure of COj is from 5 to 15 times greater 
than that of the corresponding calcium salt. 

2. The ratio of MgCO^ : HaCOs in the solution is much 
more nearly unimolecular than in the case of the calcium salt; 
in fact the solution contains only a slight excess of the quantity of 
HjCOg required by the bicarbonate formula. 

3. The solution of Mg(HC 03)2 is niuch more stable than that 
of the calcium salt. 

4. Regarding the data obtained by others, Engel’s' were 
obtained under so much higher pressures of CO^ ■ — ■ several at- 
mospheres — that they are not comparable with ours. Treadwell 
and Reuter’s' experiments, as was noticed in our memoir^ on the 
calcium salt, were conducted under such imperfect conditions that 
supersaturation was to be expected. 

1 Eiigcl and Ville, Compt. Rend, Vol. 93, p. 340 ; Engel, Ann. Chim, 'Phfs., (0), Yol 13, 
p. 349. 

2 Zeits. anorg. Ghem.., VoL 17, p. 200. 

S Mem. l)ept, AgrL Ind, Ciiem, Ser., Vol No, 7, 



PART II. 

The system CaCO„ MgCO^, COo, H.O. 

This system has not so far as we are aware been previously 
examined, though experiments on the action of H^COs on Dolo- 
mites have been made. The latter will be referred to subse- 
quently. The system CaCO;^, MgCOg, CO-i, Hfi, is naturally very 
much more complicated than either of those which have been 
already discussed, and we have been unable to define it at all 
precisely. 

A little consideration shows that if saturated solutions of the 
two bicarbonates, each in equilibrium with the same partial pressure 
of CO2 and at the same temperature, are mixed, a precipitation of 
CaCOs must take place. For although the law of mass action 
probably would not hold in its entirety, still the direction of its 
effect must be that which this law would indicate. Thus it may 
not be quite true that the values of the constants 

Ca" x(HCO/)* 

Kca= 

Ca(HC03h 

Mg- xHCO30^ 

Kmo'~ 

will be, under the circumstances of a mixture of the solutions of 
the two salts, identical with those of the individual solutions. But 
it w to be expected that any large increase of EGO'S ions in the 
mixed solution would cause a precipitation of Ca” . 

A solution of Mg{HC03)2 saturated for any specified condition 
of temperature and CO2 partial pressure is mairy times more con- 
centrated than that of the calcium salt under like conditions. The 
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magnesium bicarbonate is not according to Bodlander, nearly so 
completely hydrolysed as the calcium salt, but after making 
all allowances for this and other possible modifying influences, 
it has to be recognised that the concentration of HCO 3 ions in the 
magnesium bicarbonate solution must be very much greater than 
in that of the calcium salt. Hence it follows that mixture of 
these solutions in equal volumes will cause a precipitation of 
GaCO^. 

One or two examples of this effect may be quoted, but before 
doing so a brief note must be made of the methods employed both 
for the attainment of equilibrium as also for the analytical deter- 
minations. 

Attainment of equilibrium . — For some portion, of the work 
the same apparatus was employed as for the magnesium bicarbo- 
nate investigation ; but later, when it was found that the periods 
of time required for equilibrium probably extended to weeks, and 
that large cjuantities of solution would be required, the reactions 
were made in winchester bottles maintained in agitation on a re- 
volving frame in a room the temperature of which did not vary by 
more than' 1°C. for long periods. The latter arrangement did not 
admit of the mixtures being kept at specified temperatures as was 
readily possible in the former apparatus, but it was the best 
arrangement available and has yielded much information regarding 
the system. The materials were placed in the bottles and either 
a mixture of air and CO.2 gas, previously prepared of specified pro- 
portions, passed into the bottle for such a time as would ensure 
that the gas phase was approximately that desired, or this was 
done after preliminary agitation. This displacement of the gas 
phase by a mixture of known composition was performed as fre- 
quently (every day, or every several days) as was found to be ne- 
cessary in order that the composition of the gas phase should remain 
approximately what was desired. It was therefore necessary to 









LEATHER & SEN 221 

sample and analyse the gas phase frequently. Samples wore 
withdrawn by attaching a stopper to the winchester which carried 
(i) an inlet tube opening in the bottle neck, (ii) an outlet tube 
opening near the surface of the liquid ; the former was attached 
to the air + CO2 supply, the latter to the Plimpton gas-holder ; 
hence on opening the connections, a sample of the gas from near the 
liquid was withdraAvn. whilst an equal volume of air CO3 was 
introduced near the stopper. Thus the pressure in the bottle Avas 
not materially altered and the gas AA'ithdrawn AA^'as not materially 
affected by that Avhich floAA’'ed in. The amount of admixture of 
common air that would necessarily pass into the bottle neck when 
changing the ordinary stopper for the one carrying the tubes Avas 
natirrally very small, too small to affect the gas phase materially 
and could not affect the sample Avhich AA^as AA'ithdraAvn from a situ- 
ation some inches beloAV the neck. 

Methods of analysis . — The determination of (a) the CO2 in the 
gas phase, (b) the total CO2 in the liquid phase, and (c) the total 
amount of base present require no explanation ; these determi- 
nations were conducted in the same manner as when the magne- 
sium salt alone was present. The estimations of CaO and MgO 
were made as follows The 100 c.c. Avhich had been titrated Avith 
standard H2SO4 for total base, was concentrated to. about 20 c.c. 
and an equal Amlume of 99% ethyl alcohol was added together ||’^ 
Avith one or tAVo drops of dilute H2SO4. The CaSO^ AA’^as thus ||^ 
precipitated ; the length of time required depended on the qxrantity 
of lime present ; 24 hours was usually sufficient, but Avhen there 
Avas less than about 10 m. grms., tAvo days had to be alloAved. The 
calcium sulphate was separated on a Gooch-asbestos filter and 
Aveighed as CaS04 anhydrous. The error in this determination 
was about -5 m. grms. The alcoholic filtrate was evaporated cau- 
tiously on a saird bath until nearly dry, Avhen the sulphuric acid 
charred the methyl orange this residue was extracted Avith dilute 
HCl and the MgO Avas precipitated as phosphate. The error in 
this determination Avas about -5 m. grm, ■ 


ii 
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CALCIUM AND MACNESIUM BICAEBONATES 


Statement Yll. 


-Data obtained jfoni mixt wes of 'caleium and niagne- 
simn bicarbonate solutions. 


Examples of mixtures of equal volumes of the solutions. 


Volume o£ Ca(HCO„)., solution 

Volume of MglHCOJs solution 
Grams CaCOs in solution . . 

Grams Ma'COs in solution . . 

Total volume after diluting with water, if necessary 
Ratio Ca : Mg (molecular equivalents) 

Period of agitation 

p in gas phase after shaking for seven days 


00 , in solution — total 
“Do. “free” 

Do. ‘ ‘ combined 

Ca in terms of C0.> 

Equal to CaCOo 
Mg in terms of CO o 
Equal to MgCO.} 


100 c.c. 

50 c.c. 

100 c.c. 

50 c.c. 

0-0729 

0*0364 

1*5660 

•7830 

200 c.c. 

200 c.c. 

1 : 26 

1 : 26 

7 davs 

7 days 

29— 30°C. 

29— 30°C. 

18'0 

6*7 

milligrams 

per 100 c.c. 

920*1 

515*6 

396*0 

269*7 

•3 

•1 

•7 

•2 

401-2 

274*3 

762*3 

521*2 


25 c.c. 
25c.o. 
•0182 
•3915 
200 c.c. 

1 : 26 
7 days 
29-.30°C. 
2-3, 


Note.— “ Combined ” 00^ is that equivalent to normal carbonates; “ free ” CO.^ is 
that in excess of combined ” CO... 

In these experiments some CaCOg and MgCOg.SHsO was added 
to the mixtures at the commencement in order to have both 
solid phases present throughout. Although the agitation was 
stopped before equilibrium bad set in, these experiments as well 
as a number of other similar ones, serve to demonstrate the fact 
that CaCOs becomes practically insoluble in the presence of an 
excess of Mg{HC03).2 which is what was expected on, theoretical 
grounds. Some work by Moressee,^ in which calcium and mag- 
nesium oxides were treated with carbonic acid at 5 — 6 atmosphere 
pressure, yielded a corresponding result ; the solution contained 
only magnesium carbonate. A like result was obtained by Pattin- 
son.^ Following these, a number of experiments were made to 
ascertain what concentration of Mg(HC0g)2 may be present without 
causing a precipitation of CaCOs. 


it 


' Of. Cesaro, Bull. Acad. Boy. Bely., 1910, 234—205;; Abe. Che.m. 8oc., 1910 (ii), 613 
News, 1863, 128. 
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Of the experiments referred to in this statement Nos. 5, 7, 9, 
12 and 13 were conducted in the small bottles and agitating appa- 
ratus which were used for the magnesium carbonate system ; the 
remainder were performed in winchester bottles at room temper- 
ature. It is improbable that in any of them a state of equilibrium 
had set in, but the main result was very definite, namely, that 
where a higher ratio of magnesium ; calcium than 1 : 1 was em- 
ployed, the latter was substantially all precipitated ; where however 
the ratio was equal, definite, though small amounts of calcium 
remained in solution. In the experiments marked with asterisks 
an excess of CaCOs and MgCOj was added to the initial mixture ; 
in all others only the perfectly clear solutions of the bicarbonates 
were employed. The latter are particularly interesting because 
not only was a crystalline precipitate formed, but the total amounts 
of lime and magnesia present in solution at the conclusion of each 
experiment were determined, and compared with the initially used 
quantities. These data are as set out in the subjoined statement. 


Statement IX. 




CaCO 

, grms. 

MgCO, 

grms. 

Experi- 

ment 

Katio Ca : Mg 





(molecular eqiii- 





No. 

valents) 

initial 

remaining in 
solution 

initial 

remaining in 
solution 

1 

1 : 6 

1-10 

Nil 

5*54 

5-59 

2 

1:6 

1-07 

•03 

5-40 j 

5-33 

3 

1 ; 4 

1-10 

Nil 

3-69 

' 3*73 

4 

1:4 

1-07 

•02 

3-60 

3-09 

6 

1 ; 2 

1‘54 

•02 

2-59 

2*64 

10 

1 : 1 

1*54 

•28 

1-30 

1-30 

8 

1:1 

1-46 

•33 

1-23 

1*25 

11 

1 : 1 

1-43 

•17 

1-20 

1-18 

14 

2 : 1 

1*54 

•50 ■ 

*65 

•68 ' 


There is thus no doubt that the ma.gnesium carbonate remained 
in solution in every case, whilst the greater part of the calcium 
carbonate was precipitated. The crystalline precipitates were 
submitted to the Director of the Geological Survey, who very kindly 
had them examined. Owing to their minuteness there w’as some 
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doubt as to the identity of the crystalline forms, but there was little 
doubt that the precipitate obtained from mixture of the solutions 
‘ in the ratio Ca : Mg = 2:1 consisted of Calcite, whilst those ob- 
tained from higher proportions of Mg were principally aragonite • 

with subordinate quantities of calcite. The chemical analysis 
► showed that the precipitates were in all cases pure CaCOa. Re- 
garding the concentrations of the salts in solution, in two iirstances | 

(Experiments Nos. 2 and 4) the solution contained rather more | 

magnesium carbonate than was to be expected from the partial ! 

pressure ; each contained a small amount of calcium carbonate, 
but this fact could not well explain the excess of magnesium salt, [ i 

which is no doubt due to simple supersaturation. In all other ' . 

cases the concentration of MgCOj was much below what would be ‘ i 

expected in the absence of CaCOj. In respect of calcium carbo- | I 

nate, the concentration was in every case much below that which ! j 

would be expected in the absence of MgCO. ; in experiments Nos. ' 1 

12 and 14 the concentrations of CaCOa most nearly approach what ;; 

would be expected from the CO^ partial pressure, but even in these i 

cases it was little more than one half of what would be present in J 

the absence of MgCOa. The amount of “ free ” CO^ should have . 

approximated to or have been slightly in excess of the ‘ ‘combined ” * 

COj in all cases where all or most of the calcium carbonate had • 

been precipitated, that is in experiments Nos. 1 to 7 ; in Nos. 2 p 

and 4 the divergence is serious and these are the instances in which , 

the solution was presumably supersaturated with respect to MgCO^. : 

In experiment No. 9 also the cpantity of “ free ” CO. was mate- ' 

rially different from that which might be expected, which may 

again be an instance of supersaturation with respect to MgCO^ in 
the presence of CaGOg. 

Although these experiments with mixtures of calcium and 
magnesium bicarbonates were defective m that equilibrium had ■ 

not set in, they serve the chief end in view, for they demonstrate f , 

very definitely that presence of an excess of magnesium carbonate 
renders calcium carbonate all but insoluble. Experiments Nos. 7, 

I ■ . II: 

I I 

I i; 
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9, 12 and 13 do not contradict this deduction, because although 
some magnesium carbonate was originally added to the mixture , 
it was only a small quantity and presumably all dissolved. Had 
there been any magnesium carbonate present in the solid phase at 
the conclusion of the experiments the amount of lime in solution 
would have been much less. The amount of magnesium carbonate 
is thus a controlling factor of the solubility of calcium carbonate 
in the presence of carbonic acid. 

The solubility of Dolomite in carbonic acid. 

One of the ultimate objects of these investigations had been 
a more accurate knowledge of the concentration of calcium and 
magnesium carbonates in the soil-aqueous solution, that is the 
solution as it actually exists in agricultural land, and it had become 
apparent that, apart from the presence of salts of other bases or 
of other salts of magnesium in material quantity, which as a matter 
of fact is an important restriction, no fertile soil could contain more 
than very nominal amounts of magnesium carbonate, for the 
presence of such would render the concentration of dissolved cal- 
cium carbonate so low as to interfere with the growth of crops. 
As an adjunct to this investigation, the effect of carbonic acid on 
dolomite deserved special consideration, dhe liteiatuie naturally 

contains many references to this subject. 

{{) Pattinson' found that dolomite yielded no MgCOg in 
solution when treated with H^OO H.O. 
iii) Vesterberg,^ Bischoff and Gorup-Besanez“ found that 
dolomite behaves as a true double salt when treated 
with H2CO3 H2O, though Bischoff also found that 
in some cases calcite is first removed from dolo- 
mitic Ihnestone. 

{Hi) MerrilP states that dolomite is much more stable 
than calcite. 

^ Choiiical New8, 1863, p. 128 ; Jotir, Okani* xVbfcS. 16825 1^ 

a Jo%r. Ohenu Soc.> 1903, Ab.s., ii, 302. 

» Jour. eVtew. ^S'oe., 1872, p. 59. 

‘ ^ Eocks and Each WmtlLering^'' p. ^^0. - ^ . 
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(w) Pliilipi' found the calcium carbonate more readily 
removed than the magnesium salt, and Merrill 
states that calcareous rocks lose CaCOs readily 
and that dolomite remains. 

(f) Roth^ has shown that magnesite is sometimes 
removed more readily than calcite from dolomitic 
limestones. 

These experiences are generally what one might anticipate. 

Three cases may be assumed : — 

(a) Pure dolomite.— li this is a true doidDle salt as is generally 

believed, then on treatment with H3CO3 + H2O the 
two carbonates would dissolve in equi-molecular 
proportions and an excess of Mg(HC03)3 could not 
occur in the solution so long at least as the conditions 
of temperature and pressure remained constant. 
The maximum concentration would be reached when 
the solution contained the maximum amount of 
Ca(HC08)2 which could exist in presence of Mg(HC03)2 
and dolomite. 

(b) Dolomitic limestone containing calcite. — If the calcite is 

more readily soluble in H2CO3 + HoO than dolomite, 
then such a limestone would tend to lose calcite and 
the dolomite would remain, though not necessarily 
unacted on. 

{c) Dolmnitic limestone containing magnesite. — A ■ precisely 
similar argument must hold in this case as in the 
last. If magnesite is the more soluble, the dolomite 
would remain, and in this case it could not pass into 
solution in any material quantity because the pre- 
sence of Mg(HC03)2 would prevent any material 
quantity of CafHCOs)^, from being in solution. 
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I’or our esperimeiits three specimens of dolomite were employed 
which are designated 0, A and B. Specimen 0 was a white mineral 
from the neighbourhood of Nagpore ; A and B were nearly black 
minerals which Mr. R. G. Wells of the Tata Iron and Steel Company, 
Limited, very kindly sent us from Panposh. Their composition 
was found to be as follows 


Dolomite. 

0 

A 

B 

liitiolu ble ailieatcfcj and sand 

. . 

M5 

2 ’83 

6-35 

Oxide ol' iron, &c. (ammonia ppt.) 

•• 

•SO 

r" ' .-49 

•66 

Lime 

•• 

29 05 

29-06 

27-94 

Magnesia 


22-10 

22-11 

21-13 

Carbonic acid 

•• 

46-30 

45-97 

44-22 



100-06 

100-46 

100-30 

Molecular ratio Ca : Mg 



1 : 1-030 

1 : 1-058 

1 ■: 1-052 


Bach Avas pulverised finely and a portion which passed a brass 
sieve of 90 meshes to the inch was employed. 


About 10 — 20 grnis. in each case was placed in a winchester 
bottle with about 2000 c.c. distilled water and air +GO 2 passed 
in. The mixture was then agitated on a rotating machine conti- 
nuously day and night in a room the temperature of which remained 
very constant. The initial effect of the agitation was naturally 
a reduction of the partial pressure of CO3. In order to obtain a 
specified partial pressure approximately, in any particular case, 
the recpired mixture of air + CO 3 was passed into the bottle in 
sufiicient quantity to thoroughly displace that previously present. 
This alternate procedure of agitation and replacement of the gas 
phase was continued until the partial pressure of CO 3 remained 
approximately constant, after which the agitation was continued 
for some days. 
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Statement X.- — The data thus obtained are set out in the following 


Although the ratio of calcium to maguesium as shown iii the last 
two columns are hot precisely 1 : 1 as would be expected for a 
solution of pure dolomite, they are so nearly so, especially consi- 
dering the not very perfect conditions employed, that it cannot be 
doubted that each of these dolomites dissolved as a double salt. 
There is no evidence that the solution contained generally an excess 
of either carbonate. Thg concentrations of the solutions vary 
and are not proportional to the partial pressure of CO., 

In one case, experiment No. 8, the concentration of the 
Ca(HCOg)3 was approximately that required by the partial pressure 
of CO3 and in experiments Nos. 6 and 7 it approached that con- 
centration, thus showing that it is possible at low partial pressui-es 
of CO2 to obtain a solution in contact with dolomite, which ap- 
proximates to a concentration of CalHCOs)^ equal to what would 
be obtained if calcium carbonate alone were the solid phase. But 
in all other instances the concentration was very much below this. 
In respect of Mg(HC03)2 the concentration of this salt was always 
far below what it would be if MgCOg were the solid phase. Gener- 
ally, doloniite appears to dissolve as such, but unlike either 
calcium or magnesium carbonates there is no sign that its solubi- 
lity increases, above a certain concentration, with increase of partial 
pressure of CO2. The long period of time allowed in these experi- 
ments renders this deduction undoubted. 


JNFo. of 
experi- 

Variety of 
Dolomite. 

Tenipeiu- 

ture. 

Period of 
agitation, 
days. 

Partial 

pressure 

m. grms 
100 

. per moles :< 10" per 

c.c. 100 moles H.>0. 





gas phase. 

CaCO;i 

MgCO., OaCO,, 

Mgco; 

1 

0 

33® 

8 

4-0 

18*4 

15 '0 3 '31 

3*34 

2 

0 

31® 

0 

12-6 

20*4 

12 '9 3*08 

2*78 

3 

0 

30® 

7 

15*3 

20-4 

12*5 3*08 

2'70 

" . 4 ,. 

A 

30° 

9 

t) *3 

8-6 

13-1 1*55 

2*82 ■ 

5 

B 

30° 

9 

(i-4 

11-0 

11 -4 2-08 

2*45 

0 

0 

30° 

250 

1-3 

KrS 

12*0 3-02 

2*58 

7 

A 

30° 

250 

1-0 

104 

12*7 2-90 

2*74 

8 

B 

30° 

250 

*5 

14*7 

11-2 2-00 

2*41 

9 

0 

30° 

13 

4*() 

5-9 

5 '3 1-00 

M5 

10 

A 

30° ■ 

13 

6-7 

10-2 

8 '4 1 *84 

1*80 
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The effect of the presefice of (a) CaCOj or (b) MgCOs with 
dolomite. — Several experiments were made in which dolomite, plus 
marble or dolomite, plus MgCO^.SHjO were treated with H2CO3 + 
HgO ; other experiments were similarly made in which, to a solution 
of dolomite in H2CO3 + HoO and containing an excess of dolomite, 
CaCOs (precipitated) or MgCOs.SHsO were added ; again, in a 
third series, dolomite was added to a solution of calcium bicar- 
bonate or magnesium bicarbonate. The data are exhibited in the 
subjoined statement. 


Statement XL 


Experi- 

ment 

No. 


Variety of 
Dolomite. 


Tempera- 

ture. 


Period of 
agitation, 
days. 


Partial 
pressure 
CO, % in 
gas phase. 


m. grms. per 100 c.c. 


CaCO., 


30* 


30° 


30° 


Dolomite, plus marble. 

f 

9 i 12-5 
Dolomite, plus MgCOjj.SHoO. 


9 


3-0 


Dolomite solution. 


250 


1-3 


31-8 




16-8 


The same after addition of precipitated CaCOis. 


30° 


30° 


45 


2-0 


Dolomite solution. 


250 


18-8 


14-7 


The same after addition of precipitated CaCO;! 


30° 


30° 


45 


9-8 


Dolomite solution. 


13 


4-6 


35-6 


5-9 


The same after addition of precipitated CaCG*, 

{ 

30° I -4 I 4-4 I 19*8 


9-2 


192-8 


12-0 


11-6 


11-2 


10*4 


5*3 







Experi- 

ment 

No. 
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Statement XI — contd. 


-If I^artial m. gnus, per 100 e.c, 

Varlefcjrof Tempera- pressure — 

Bolmmte. tare. 00,^, ^ 


Dolomite solution. 


Tlie same after addition of precipitated CaGOs 


! Dolomite solution. 


The same after addition of MgCOis.OH'iO 


Dolomite solution. 


The same after addition of MgC0;j.3H-0 


Calcium bicarbonate solution. 


The same after addition of dolomite. 


Calcium bicarbonate solution. 


The same, plus Dolomite and CaOOs 


Calcium bicarbonate solution. 


The same; plus dolomite. 


Calcium bicarbonate solution. 


The same, jdus dolomite. 



i)OLOMtTtl 


Statement XI. — coucld. 



A consideration of the data of experiment No. 1 shows that 
the presence of marble does not prevent the carbonic acid attacking 
the dolomite, though the concentration of Mg (HCOjJo in the 
solution is distinctly less than we have found in the absence of 
calcium carbonate. Experiment No. 2 in which a large amount of 
MgCOj.SHoO was present shows how completely this salt prevents 
the solution of the dolomite, for the amount of Ca(HCOg)^ in 
solution was too small to detect. In other experiments only small 
amounts of the CaCO^ or MgCOg respectively were added. In 
Nos. 3 and 4 a comparison of the cpiantities of CaCOs added 
and subsequently found in solution, shoAved that all the CaCOs 
had dissolved, whereas in Nos. 5 and 6 there was still a small amount 
of calcium carbonate in the solid state. There seems to have been 
in each case a small but measurable precipitation of magnesium 
carbonate. In experiments Nos. 7 and 8 only small amounts of 
MgCOj were added and in No. 8 the whole dissolved ; the corres- 
ponding data for No. 7 were not obtained. Finally experiments 
Nos. 9 to 14 show again that the presence of calcium bicarbonate 
largely protects dolomite from the solvent action of carbonic acid, 
wdiilst magnesium bicarbonate - protects it entirely. It is evident 
then that CaCOj will read.ily dissolve in a solution of dolomite hi the 
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presence of HjCOs, without greatly altering the concentration of 
the Mg(HCO :!)2 ; on the other hand, when MgCOg is dissolved in 
a solution of dolomite under corresponding conditions, the calcium 
carbonate of the dolomite becomes precipitated either partly or 
wholly according to the excess of MgfHCOda in solution. These 
experiments confirm fully the anticipations which are set out on 
page 227. 

The “ lime-tmgnesia ratio ” in Soils. 

Indirectly this investigation offers some explanation of the 
somewhat contradictory results which have been obtained at ex- 
periment stations in different countries regarding the lime-magnesia 
ratios in soils. 

Briefly, these experiments have usually shown that considerable 
excess of lime, in the form of the carbonate, may be employed 
without harm, whereas any considerable application of magnesium 
carbonate has usiially proved harmful. Moreover, no fixed pro- 
portion of Ca : Mg has been generally found the best, but nearly 
all experiments show that the proportion of lime should largely 
exceed that of magnesia. 

In the first place, it is to be realised that if, in the soil aqueous 
solution, there were any calcium sulphate or chloride, either would 
react with magnesium carbonate.' For example, in many 
experiments magnesium carbonate has been added to soils to which 
fertilisers, e.g., ammonium salts or superphosphate have also been 
added, and in such cases more or less of the magnesium carbonate 
must have been changed to a more soluble salt, but unchanged 
magnesium carbonate must also have tended to render calcium 
carbonate insoluble. In the case of dolomitic limestone, the solu- 
bility of the calcium carbonate would probably not be reduced 
sufficiently to affect plant growth and this explains why such lime- 
stone has frequently , proved serviceable. But where magnesium 
carbonate has been employed in any large quantity, its presence 


X Bottomlejr, Ohem, Trans., 1893, p. 696, 
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in tlie soil might easily reduce the solubility of calcium carbonate 
sufficiently to cause “lime-starvation.” 

Summary in respect of the sysfem CaCO.,, MgCO.,, H2CO3, H^O. 

1 . If a mixture of calcium and magnesium carbonates is 
subjected to the action of carbonic acid and water, the calcium 
carbonate is largely or wholly prevented from dissolving, a fact 
which is in accordance with the indication of the law of mass action. 

2 . Dolomite has been found by us, as by others, to dissolve 
in carbonic acid as such, but so far as we could ascertain the con- 
centration does not depend only on that of the carbonic acid. 

, 3 . Dolomite is protected from the action of carbonic acid 
to a great extent by the presence of calcium carbonate, and magne- 
sium carbonate protects it completely. 

4 . The addition of calcium carbonate to a solution of dolomite 
in presence of excess of carbonic acid seems to cause a slight pre- 
cipitation of magnesium carbonate, but no explanation of this can 
be offered. 

5 . If magnesium carbonate is added in any material quantity 
to agricultural land, it may readily cause an almost entire preci- 
pitation of calcium carbonate and hence render the soil infertile. 
This fact probably explains in part the crop failure which has so 
often accompanied the application of magnesium carbonate to 
land in experiments on Loews “lime-magnesia ratio.” 


PREFACE. 

Mr. A. G. Birt, Deputy Director of Agriculture, Assam, has 
been throughout jointly responsible for all the field work described 
or alluded to in tliis paper. 

He modestly refuses to allow his name to appear as co-author, 
and I take this opportunity of expressing my thanks to him for 
assistance and advice always freely given ; without it the work 
would have been impossible. 


JoEHAT, Assam, 
March 1st, 1914. 


A. A. MEGGITT. 



JoBHAT Farm* Block G. 

The plots on the left were limed, those on the right nnlimed; treatment is otherwise identical. Oats and Grain were sown acros-s both areas. 
Observe the standing crops of both on the limed side, and the absohite failnre on the other. 
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STUDIES OP AN ACID SOIL IN ASSAM 


A. A. MEGGITT, B.Sc., P.C.S. 

AgriciiUiiml Ghemist, Assam. 

INTRODUCTORY. 

The following pages contain some account of field and other 
work done on the old alluvium at the Government Farm, Jorhat, 
undertaken primarily with a view to ascertain, if possible, to what 
particular function of lime its observed early remarkably beneficial 
action on cropping there may be due. 

Work on the liming problem has been going on since 1908 on 
this Farm. 

It originated in the repeated failure of certain crops to survive 
the seedling stage during the season even though well manured 
before sowing, and with no lack of soil moisture ; the case was 
further aggravated in one instance by the fact that a green manure 
crop had been grown and ploughed in the previous rains, by way 
of preparation. 

A full account of our early observations and work undertaken, 
will be found in the Annual Report of the Jorhat Agricultural Ex- 
p&r%mmt Station tox year ending June 30th, 1912, pages 18-32. 
This is continued in the report of the same station for the year 
1912-1913, pages 15-24. In these reports it is shown how after 
the application of lime several crops now grow much more luxuri- 
antly, while others, e.g., oats, gram, barley, mustard, linseed, 
jowar {Andropogon Sor ghum) , eto. , which failed heretofore to outlive 
the seedling stage, now mature their crops normally. 
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An account of the further experiments laid down to study 
other as|)ects of manuring in relation to the liming problem is 
given in the same reports. Data in regard to the chemical and 
mechanical composition of the soil will be found in the Appendix. 

Pre\dous to being taken over by the Agricultural Department 
the land had been out of cultiA^ation for many years ; it was covered 
by short scrub jungle and very coarse grass, and was used solely 
for grazing purposes. 

The soil is very old alluvium and is a light loam lying over a 
compact reddish yellow sandy subsoil. 

The surface soil is shallow, from 3 to 6 inches deep, fairly 
retentive of moisture and in good physical condition. 

The subsoil is redder, and very deficient in, organic matter, 
which combined with the fact that it has not been disturbed for 
very many years makes its physical condition temporarily poor. 

The soil drains fairly readily. 

The surface and subsoils are fairly sharply divided in the 
field, but are essentially the same in chemical and mechanical com- 
position, the surface soil having become darker in colour and amehor- 
ated by cultivation and incorporation -with organic matter. The 
mechanical analysis shows that both soils are essentially very 
similar, about 80% of either falling in the fine sand and silt grades, 
only relatively small quantities of the clay fraction being present. 

The soil is acid in reaction and very deficient in carbonate of 

lime. 



Phosphoric acid is low both as to total and available 
supplies. There is thus a real as opposed to a mere temporary 'I 

lack in respect of this element of plant-food. ' >' 

This lack of phosphoric acid is probably aggravated by the 4 " 

absence of sufficiently large amounts of carbonate of lime and humus, 
high percentages of which may, and often do, offset a smaller per- 
centage of phosphoric acid. 




Of potash there is no dearth, and there would appear to be 
no immediate need for special potash manuring. 

The amount of organic matter in, the surface soil is possibly 
greater than obtains in many Indian soils, but there can be no doubt 
that a light soil of this character will be much improved by an 
increase in humus content. A good deal of the organic matter , 
present consists probably of old residue of httle value. Green 
manuring with cowpea has improved the soil enormously of recent 
years. The percentage of nitrogen present in the surface soil is 
what would normally be considered a fair one, but in view of the 
absence in anything like adequate quantity of carbonate of lime, 
conditions for nitrification are not as favourable as they might be, 
and an increase in the amount of nitrogen is indicated as desirable. 

As to maximum saturation capacity this soil agrees well with 
figures quoted for similar soils in Europe ; the figures suggest 
that the optimum proportion of water for the growth of the plant 
is some 13-16%. 

The values for minimum saturation capacity are lower than 
those cited (Hall, The Soil, page 69) for similar soils in, England, 
and this is probably due to the lower humus content of our soils. 
The hygroscopic capacity is low, and suggests the power of the 
soil to give up its moisture freely to crops in dry periods. 

As previously explained the outstanding feature of our early 
experiments was the extraordinary effect of lime. Without it 
many crops could not be induced to survive even the seedling 
stage ; after liming they were easily matured. (See Frontispiece.) 

The question naturally arose as to why lime acts in, this marked 
way. The reasons might be found in a number of possible causes 
of a physical, purely chemical, bio-chemical, biological and phy- 
siological nature ; some of these aspects merge into one another 
and are very closely related, and are moreover imperfectly under- 
stood at present, so that it were futile to attempt any fine dis- 
crimination, 
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The soil is distinctly not of the type one usually associates 
with adverse physical conditions, or one upon which one would 
expect lime to confer much physical benefit perhaps. A good 
tilth and seed bed is easily obtained, the soil is naturally fairly 
retentive of moisture, the rainfall is high (80-90 inches) and well 
distributed, some rain falling nearly every month of the year. 
Knowing the soil one would not readily ascribe any considerable 
part of the action of lime to physical changes {a). 

One of the very earliest actions of lime is a purely chemical one, 
which it exercises merely by virtue of its power to neutralise acids. 
So much hme is required by this soil to satisfy its various require- 
ments that a dressing of 2 tons slaked lime per acre causes but a 
very slight and temporary increase in the percentage of calcium 
carbonate in the surface soil, as is clearly shown by the following 
figures : — 



3 months after 

IS months after 



liming. 

liming. 


%CaCO.j 

Reaction 

% CaCO, 

Reaction. 

r 0 — 3^' 

0 Lime plot 4 

1 3 — 6'^ . . 1 

0*02 

Acid 

0*02 

Acid 

0*015 


0*015 

A, 

30 maiinds f 0 — 3" 

Lime plot ] 

(Iton) 13 --6'^ 

0*04 

Fairly alkaline 

0*02 


0*02 

Acid 

0*02 

■ 

60 maunds j 0 — 3'" 

0*11 

Strongly alkaline 

0*02 

Slightly alkaline. 

Lime plot •! 



(2 tons) Is -- (r 

0*015 

Acid 

0*015 

Neutral. 


These results shed some light on the question as to the quantity 
of lime which will be required to establish even a small working 
reserve of carbonate of lime in the surface soil. 


(a) On stiffer soils the physical changes would, no doubt, be of much greater moment. Thus 
work on the old alluvium at Dacca has shown that while the use of lime there reduces the 
amount of the clay fraction (<0*002 m.m. diam.), presumably by flocculation into larger 
aggregates from about 17 to 13% in a water sedimentation, at Jorhat so far this is not so, the 
limed and unlimed surface soils returning identical figures. There is, however, experimental 
evidence that deeper down in the Jorhat soil, some flocculation does take place as a result of 
applying lime to the surface. 
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A good deal of the added lime combines with acid organic 
compounds present, neutrahsing and fixing them, as is shown by 
the fact that whereas the unlimed soil gives up its humus to dilute 
ammonia quite readily yielding a dark brown solution, after liming 
it only does so after a prelimiirary weak acid digestion to break up 
the lime compounds formed. 

Schloesing^ has ascribed valuable physical properties to 
these so called calcium humates in certam soils. Working with 
silicious sand he found that “ 1 % huniic acid in the form of calcium 
humate had as great a cementing power as 11% of plastic clay.” 

Soils contain other colloid bodies than clay ; amongst these are 
humus, hydrated ferric and aluminic oxides, hydrated sihcic acid, 
and hydrated acid silicates, the latter accounting no doubt partly 
for the acidity of soils which are strongly acid and withall deficient 
in humus. 

Possible interaction of lime with some of these colloidal sub- 
stances, e.g., a reaction with hydrous acid silicates, coupled perhaps 
with dehydration where quicklime is used — whereby may result 
non-colloidal anhydrous silicates— might conceivably modify the 
properties of the soil {a). Hence it is possible that lime may affect 
this soil physically and thereby alter its power to supply moisture 
to the plant. However from the fact that in the absence of lime 
some crops, e.g., matilcalai (Phaseolus mungo) do grow even in the 
rabi season and make some sort of a crop, while most others, e.g., 
oats, gram, etc., sown at the same time die as seedlings (though 
examination has always disclosed the presence of sufficient soil 
moisture in the latter case), also the fact that seeds germinate 
apparently as well before as after liming, and again jowar sown in 

^ Warington. Physical Properties of Soil, p, 27, 

(«) Indications are not wanting that heavy liming may have an influence on the stifness 
of straw of cereals, which is possibly connected with changes in the silica compounds of the 
soil. Analytical data to hand point to variations in silica content of the straw from limed 
and unlimed areas, but in the absence of information as to the probable extent of the variation 
in silica content of a given sample of straw from one and the same plot, and until f urther ana- 
lytical data are to hand, it were futile to attempt to draw any conclusions. This part of the 
problem will probably require very special methods of investigation. 


... , , : 
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tlie rains always succumbs in the absence of lime, it seems to be 
reasonably clear that the failure of certain crops to survive is not 
due to any lack of soil moisture, and further the marked action 
of lime is not to be sought in modified water relationships as between 
soil and crop. 

Added lime might function as a direct source of plant-food in 
respect of the element calcium, or by liberating other foods from 
the soil’s reserves. It is very difficult to believe that the soil does 
not contain sufficient lime compounds to serve fully the rec|uirements 
of crops for this element. Few soils do not. Were any large 
part of its effect due to its acting as a direct source of plant-food, 
then a dressing of 1 ton per acre would surely supply all that was 
necessary, and yet in the case of jowar a, much bigger crop resulted 
from the application of 2 tons per acre. 

0. Loew has attached great importance from a physiological 
standpoint to the presence in the soil of lime and magnesia in certain 
definite ratios for various crops. The results of our experiments 
do not at all connect the value of lime with any such relationship. 

The beneficial action of lime may be found in its power of des- 
troying by oxidation, or otherwise, directly or indirectly, noxious 
organic soil compounds; possibly preventing then formation, oi; 
at any rate their accumulation. 


Some of these toxic substances are themselves acids, e.g., the 
I hydroxystearic acids isolated from certain infertile soils by Schreiner 

I and his associates. Schreiner and ReecT have shown that “ the 

; maintenance of the most favourable soil conditions recjuires the 

I oxidation of the organic soil constituents to a comparatively high 

1 state of oxidation.” * ° 



They draw the further conclusion from their work, that though 
plant loots themselves are able to oxidise a certain amount of 
deleterious organic material, their power to do so may be entirely 
inhibited in the presence of excess of toxic material, but that lime 
salts increase the amount of oxidation possible in the latter case. 



^ B'liUehn 56, Bureau of Boihf U> S, Dept- of Agriculture- 



^ Again they oonelude that “ the process of oxidation by roots 


is largely, if not entirely, due to the activity of a peroxidase pro- j 

duced by the roots. This oxidising enzyme is most active in neutral | 

or slightly alkaline solutions and may be inhibited by the presence i 

of acid.” 

Laboratory examination of the Jorhat soil had already dis- 
closed positively the presence of an acid organic compound, definitely ; 

toxic to jowar seedling plants in extremely dilute culture solution | 

(30 parts per million), the toxicity of which was partly or wholly i 

negatived by the addition of a complete nutrient solution containing | 

nitric nitrogen, or by the addition of lime to neutrality. (Plate V.) 

The observations thus made in culture solution agree exactly with 
field results, and render it reasonably clear that the soil’s infertility i 

to certain cropping is due in no small part to the presence of toxic j: 

organic material. More recent work has proved that this body is | 

not only non- toxic to transplanted paddy seedlings, but that it p 

appears actually to favour their development in such concentrations p: 

as were definitely toxic to jowar. That this toxin is an actual 
constituent of the soil, and is not rather a compound formed dining h 

the process adopted for its isolation, is clearly proved by the fact y 

that a water extract of the soil was itself quite toxic to jowar seed- p 

lings. r,, 

Further, examined by the method of Raciborsldb using T 

phenolphthalin as indicator, the author has been able to show that | 

the presence of this toxic body in solution does actually lead to a 
diminution of the root oxidising power as measured by the rate *' 

of oxidation of phenolphthalin to phenolphthalein. 

Considered from the biological point of view the presence of 
noxious organic material in the soil besides being toxic to the plant 
itself, must also be inimical to many forms of bacterial life. P’ 

The presence of acidity in any form is contrary to the best :,i : 

functioning of certain normal soil micro-organisms which depend 
for their proper action upon the presence of a sufficiency of basic ' . 

^ But Acmt Set- Cracovie, maik.-mt. CL 1905, 338. ' ^ 

■ ■ ■' '■ ■ ■ ' t 
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ingredients. By its power then of neutralising acidity and its 
action on toxic soil material, whereby the soil becomes a suitable 
culture medium for a normal bacteriological flora, lime would 
stimulate bacterial activity leading to that marked improvement 
in the growth and colour of crops which has all along followed its 
use in our experience. 

The chemical examination of the soil and the early field observa- 
tions and cropping results led us to befleve that the fault in the 
soil was due to a definite lack of basic constituents, to which the 
presence of toxic compounds, which may partly or wholly give 
rise to the acid condition, is attributable. 

It seemed likely then on general grounds that the early bene- 
ficial action of added lime was primarily due to its supplying the 
base necessary for the neutralisation of the soil acids, some of them 
toxic, and to its power to bring about such other changes in the 
bio-chemical soil factor as results in the destruction of toxic organic 
compounds, whether by micro-organisms, enzymes or other vital 
agencies, and in checking their future formation, or in any case 
their accumulation to the danger point in the soil. 



EXPEEIMENTAL. 

A field experiment comprising some 52 small sub-plots was, 
therefore, commenced in the hope of throwing more light on some 
of the points raised in the introduction, and in order to fine down 
the possible reasons for its early beneficial action. It was considered 
far more satisfactory to carry out the work on small field plots, 
rather than in pots ; an experiment carried out in tubs has proved 
that for the purposes of this investigation, tests so conducted in 
no wise approximate to field conditions, and give wholly irregular 
results. The scheme provides for the testing of each individual 
treatment with and also without lime. 

Various alkali plots were included, e.g., sodium carbonate, 
magnesium carbonate and potassium carbonate, to compare with 
the plot receiving lime only, another getting finely ground limestone. 



243 



A. A. MEGGITT 

Other Wo plots were given, calcium sulphate and chloride 
respectively, to test the direct plant-food theory. 

The three nitrates of potassium, sodium and lime were each 
separately used with a view to seeing whether the supply of readily 
assimilable nitrogen alone has any effect on cropping, in the absence 
of first neutralising part or the whole of the soil acidity. 

Two further plots received sulphate and muriate of potash 
respectively, supplying soluble potash in the same amount as 
provided for in one of the plots manured with carbonate of potash. 

The experiment was also designed to show how the use of 
certain acid or physiologically acid manures in the absence of liming 
is limited by the smaJl amount of carbonate of lime present in the 
soil. Sulphate of ammonia alone and in combination with other 
manures enters into the scheme, and again plots are included where- 
on acid and basic forms of phosphoric acid are applied. 

Besides those plots which receive either potash or nitrogen or 
phosphoric acid only, there will be found other plots manured with 
both potash (as sulphate) and also nitrogen, either as sodium nitrate 
or sulphate of ammonia ; others getting superphosphate in addition 
to the above combinations ; again, others receiving superphosphate 
in addition to one or other form of soluble nitrogen ; and finally 
one plot with superphosphate and sulphate of potash i]] the absence 
of nitrogen in any form. 

All the above combinations were applied with and without pre- 
vious liming, and may serve to indicate the relative importance 
of one or other kind of plant-food in the economy of this soil. 

The whole scheme will be readily grasped by referring to the 
plan of the experiment. Fig. I, and table of manuring. Table I. 

The middle area A B C D was limed at the rate of 30 maunds 
per acre.* There are thus 26 plots, each of l/lOO acre, the inner 
half of each being limed- 


A B and D C represent dividing lines of bricks between the 
limed and unlimed half of each plot. 
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Each plot was separated from those on either side of it by a 
3 feet division. 

Table I. 


Plot. 

1 Manure used. 

Rate 
per acre. 

1 & la. 

Ground limestone 

30 mds. 

2 & 2a. 

Sodium earbonate. Monohydratc 

1,000 lbs. 

3 & 3a, 

Do. do. 

500 

4 & 4a. 

No manure. 


5 & 5a. 

Magnesium carbonate 

1,000 „ 

() & Oa. 

Potassium do. 

328 

7 & 7a. 

Potassium carbonate .. 

I{i4 „ 

8 A 8a . 

Flour phosphate 

000 „ 

9 & 9a. 

Basic slag 

400 „ 

10 &hl0a. 

Superphosphate. Concentrated 

200 „ 

11 & ila. 

Sulphate of ammonia 

250 „ 

12 & 12a. 

Sulphate of lime 

4000 „ 

. 

13 & 13a. 

Calcium chloride 

1000 „ 

14 & 14a. 

Sodium nitrate . . 

1 

322 „ 

15 & loa. 

Potassium nitrate 

384 

1(> .& 10a. 

Calcium „ 

384 „ 

17 & 17a. 

Muriate of potash . . 

224 „ 

18 & 18a. 

Sulphate of ,, 

224 

R) & 19a. 

No manure. 


20 & 20a. 

Sodium nitrate 

522 ,, ^ 


Superphosphate 

200 ■ „ . 1 


Sulphate of potash 

100 

21; & 21a. 

Sulphate of ammonia . . . . 

250 ,, 


Superphosphate .. .. 

200 


Sulphate of potash . . . . 

100 ,, ; 

22 & 22a.' 

Sodium nitrate . . . . 

322 „ 


Superphos])hate . . . . 

200 „ j 

23 & 23a. 

Sulphate of ammonia - . . . 

250 „ f 


Superphosphate .. .. 

200 „ 

24 & 24a. 

Sodium nitrate . . .. 

322 „ 


Sulphate of potash ^ 

100 „ 

25 & 25a. 

Sulphate of ammonia . . .. 

250 , 


Sulphate of potash 

100 „ 

20 A 20a*. 

Sulphate of potash .. , . 

100 „ ! 


Superphosphate .. .. 

200 „ 1 


Remarks. 


lime in iieutralisiiig power. 
Equal to 5 mds. do. 

Equal to 15 mds. lime in 
neutralising power. 

Containing potash equal to 
that supj)iied in 2 cwt. sul- 
phate of potash on plots IS 
&> 18a. 

Equal in money value to the 
basic slag used on plots 9 

6 9a. 

Supplying 80 lbs. 
per acre. 

Supplying so lbs. sol. P.jO.-, 
per acre. 

Supplying 50 lbs. nitrogen 
per acre. 

Containing approx, same 
amount of lime as 30 
mds. slaked lime. 

Adding same amount of 
calcium as exists in 10 
mds. lime approx. 

Supplying oOibs. nitrogen 
per acre. 

Do. do. 

Do, do. 

Suiiplying same amount 
of potash as supplied by 
earbonate of potash in plots 

7 & 7a. 


Superphos]>ha te s u pplied 
80 lbs. phosphoric acid 
per acre. 

Sulphate of |)otash 50 
lbs. potash per acre. 

Nitrate of soda 50 lbs 
nitrogen per acre. 

Sulphate of ammonia 
50 lbs. nitrogen per 
acre. 























Plate 
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It is to be emphasised that in addition to the manuring as 
shown in the table above, the inner or “a” sub-plots each had 
30 maunds slaked lime per acre. 

As regards the sodium carbonate plots, the amount added was 
arbitrary ; in view of its solubility the. amounts used were thought 
ample for the purposes of this test, although only equal in acid 
neutralising power to 10 and 5 maunds good slaked lime per acre, 
respectively. 

Potassium carbonate could not be applied in such quantities 
as would be necessary to supply the equivalent in neutralising 
power of the sodium carbonate above, chiefly by reason of the very 
large amount of potash which such quantities would add to the soil. 
It was considered sufficient to use such quantities as would supply 
potash in amounts respectively equal to and double that siippHed 
as sulphate of potash in sub-plots 18 & 18a. 

The flour phosphate used in plots 8 & 8a, is a very finely ground 
raw mineral phosphate ; 85% passes a 100 mesh sieve, and it contains 
25% phosphoric acid as tri-calcic phosphate, and some 23% of 
carbonate of lime. 

The basic slag contained 20% phosphoric acid and the concen- 
trated superphosphate 40% soluble phosphoric acid. The other 
artificials were of the usual average composition. 

Slaked lime was applied to the inner area at the rate of 30 
maunds per acre in April. 

The whole experimental area was subsequently green-manured 
with cowpea during the raurs, the more luxuriant growth being 
over the limed part, though the crop elsewhere was a good one. 
Cowpea was turned in during August, and all the other manures 
were applied dming the third week in October in fine weather, 
and on nice soil moisture. 

In the case of those plots receiving soluble nitrate, as it was 
thought- desirable to have nitrate present at an early stage in the 
life of the plant to see whether it would prevent the death of the 
seedlings, the plan was adopted of applying half the nitrate just 
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before sowing, and the second half some weeks later as a top dress- 
ing, rather than the alternative and usual method of applying it 
entirely as top dressing. 

Ail manures were evenly spread, and the plots then immediately 
cultivated. 

No rain fell between the application of manures and sowdng, 
which was done towards the end of October on good seed bed. 

Oats was decided upon as the test crop, because up to this time 
this crop had invariably totally succumbed in the seedling stage, 
even though well manured ivith cowdung following green-manuring, 
except where moderate lime dressings or heavy application of w'ood 
ashes had been used. 

In addition then to providing a sharp qualitative separation 
of manures, or combinations thereof, into two classes, viz., those 
which serve to carry, the crop through to maturity, and those which 
do not, it seemed probable that this crop would also permit of a 
measure of quantitative comparison between manures of the former 
class. 

Further, it was deemed justifiable to attempt to estimate the 
extent of the improvement, due to manuring, in general agricultural 
value of the soil of each plot by the crop of oats produced, since 
we have evidence that many other crops, e.g., soy beans, cowpeas, 
jowar, gram, linseed, matikalai, mustard, barley, are all con- 
siderably benefited by liming, and many of them, like oats, had 
entirely refused to grow in its absence. 

All these crops have showm that before we can expect a really 
good outturn from any one of them, some base such as lime must be 
added to the soil, presumably to reduce acidity, and it seemed to us 
probable that the extent to which any manuring or combination of 
manuring will, either immediately or more slowly with lapse of time, 
effect this end, would appear to be one of the chief factors in deter- 
mining its value for most field’ and garden crops on similar 
soils. 
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OBSEEVATIGNS DUEING GEOWTH. 

Germination was very uniformly good on all plots and was 
complete by November 2nd ; subsequent to sowing rain fell on the 
following dates, November 1st, 2nd, 3rd and 24th, December 
8th, 16th, 17th, 20th, 25th, 28th. 

November 6^7?. — All plots were looking well and normal. 

November IStJi . — The limed plots were all growing normally. 
Sub-plots 20a, 21a, 22a, 23a and 26a being then the best, followed 
closely by 8a, 9a, 10a, while 13a was the poorest distinctly. 

The unlimed plots were in, many cases already turning yellow 
and dying off, the phosphate plots being at the time slightly better 
than the average, while the sulphate of ammonia and calcium 
chloride plots were manifestly worse. 

December 187/;. — The general effect was most striking. All 
the limed plots were carrying healthy looking crops, while on the 
unlimed plots the plants had already quite died out in many cases, 
viz., on sub-plots 4, 11, 12, 13, 14, 15, 16, 17, 18, 19, 21, 23, 
24, 25. 

' Of the remainder of the un limed plots only those which had 
received additions of a basic character, viz., plots 1, 2, 3, 5, 6, 7, 8, 9 
were carrying anything worthy the name of a crop, but even in 
these cases they did not, with the possible exceptions of plots 
1, 8, 9, at all compare with the crop on the limed ends. 

On sub-plots Nos. 10, 20, 22 and 26 some of the seedlings had 
died off, but the stronger ones were still strugglmg. 

It will be noticed that the latter four plots had all in common 
received phosphoric acid. Phosphoric acid had also been applied 
to sub-plots 21 and 23, but in these two cases in conjunction with 
sulphate of ammonia as the source of nitrogen. 

The previous death of the crops then on these two plots can 
only be ascribed to the toxic effect of the sulphate of ammonia, 
in the absence of lime. It is to be noted that the limed ends of the 




248 STUBIES op AN ACIB SOIL IN ASSAM 

same plots, viz., sub-plots 21a, 23a were quite as good at this time 
as sub-plots 20a and 22a, on which the source of nitrogen was nitrate 
of soda. 

At this time the most clearly outstanding feature was the action 
of lime, followed by that of the other applications of a basic character. 

Phosphoric acid even as superphosphate, in the absence of lime, 
was exercising a very slight positive effect apparently, but was far 
more potent where applied in a basic insoluble form. 

Potash seemed to be without any effect at present, except 
where used as the alkaline carbonate. 

Nitrate nitrogen alone in the absence of lime had no effect, 
but appeared to increase that of superphosphate when the two 
were used together. 

Sulphate of ammonia had killed off its crop earlier than it had 
succumbed on the plots receiving no manure at all, and in addition 
appeared to absolutely negative the slight positive effect of phos- 
phoric acid. 

Sulphate of lime had apparently no effect whatever, while 
calcium chloride appeared to be definitely toxic. 

On December 19th the remaining half of the various nitrate 
dressings was applied to sub-plots 14, 14a, 15, 15a, 16, 16a, 20, 
20a, 22, 22a, 24 and 24a, the first dose having been given previous 
to sowing for reasons stated earlier. 

February 2Uh . — By this time the limed sub-plots were ripening 
off. All the plots to which had been applied phosphoric acid in 
any form, in addition to lime, viz., 8a, 9a, 10a, 20a, 21a, 22a, 23a 
and 26a, were fully ripe and were cut and stocked on this date. 
The other lime plots were about a fortnight later in ripen- 
ing off. 

Such of the unlimed sub-plots as had carried their crops through, 
were the latest to ripen, some of them not ripening until a month 
later than this date, 
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Speaking generally at this time the indications were qualita- 
tively the same, but much more pronounced than on December 
18th. 

The effect of the top dressing of nitrate was nil on the non- 
limed halves of such plots as received it, except that in the cases 
of sub-plots 20 and 22, i.e., where used with phosphoric acid, it 
produced a fair improvement in the crop. These plots are now 
forming some grain, though many plants are stunted and may 
not do SO; 

Phosphoric acid, even as superphosphate, would appear to 
have exercised a small but distinct ameliorating effect throughout 
the experiment, especially where reinforced by nitrate. This has 
been marked on the oats, but was particularly evident at this time 
in the growth of bottom weeds. 

Thus, comparing the unlimed sub-plots, all those which had 
phosphoric acid were now carrying a thick bottom crop of weeds. 
This -was not due to the thin crop of oats present, because other 
unlimed plots with no oats at all surviving were, moderately free 
from weeds also. (See Plate I (&).) 

Again, though the use of sulphate of ammonia along with phos- 
phoric acid sufficed to kill the oats, it by no means affected the 
luxuriance of the weed growth. 

Where used alone, however, sulphate of ammonia proved too 
toxic even for weeds, sub-plot 11 being absolutely bare of all vegeta- 
tion whatsoever, indeed this sub-plot was undoubtedly by far the 
most toxic in the whole of the experimental area. 

The crop from each plot was cut and stooked as it became 
ripe, and allowed to dry on the plot, being finally weighed- 

No separation into grain and straw was attempted as in 
almost all cases some of the grain was eaten by rats during 
dryingoff. 

Table II shows at a glance the inanuring of each sub-plot and 
the weight of crop harvested. 


tn 
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Table II. 


Final outturns of plots {grain and straw.) 


Plot. 

i 

Afanure used. 

i Uniimed 

1 sub-plot. 

1 & la. 

Ground limestone 

lbs. 

7i'- 

2 & 2a. 

iSodiiim carbonate. Heavy dre.ssing 

4“ 

3 & 3a. 1 

Sodium carbonate. Light ,, 

1 64 I 

4 & 4a. 

Nil 

1 ' ^^l 

5 & 5a. 

Magnesium carbonate 

1 bj 

6 & 6a. 

Pota.ssiuin carbonate. Heavy dressing . . 

j 7 

7 & 7a. 

Potassium carbonate. Light „ 

21- 

8 & 8a. 

Flour phosphate . . . . . . . . i 

^ 7| 

9 & 9a. 

Basic slag . . . . . . . . | 


10 & 10a. 

iSiiper phosphate . . . . 

;i ! 

J. 1 

11 & 11a. 

Sulphate of ammonia 

Nil 1 

12 & 12a. 

Sulphate of lime . . 

Nil \ 

13 & 13a. 

Calcium chloride . . . . . . . . j 

Nil 1 


U & 14a. 

15 & 15a. 

16 & 16a. 

17 & 17a. 

18 & 18a. 


20 20a. 


21 & 21a: 


22 & 22a. 


23 & 23a. 


24 &. 24a. 


Sodium nitrate . . 
Potas.siuiu'-ni-trato 
Calcium niti’ato . . 
Muriate of potash.., 
Sulphate of pota.sh 
Nil 

f Sodium nitrai^ i ; 

I Superphosphate ’ 

( Sulphate of potash . 

' /Sulphate of aminonia, 
‘I Superphosphate ' 
Sulphate of potash 
I Sodfiwii^iittrate 

I Superphosphate 
I Sulphate of ammonia 

I Super phosphate 
f Sodium nitrate 1 


25 & 25a. 


20 ife 26a. 


V Sulphate of potash 
J Sulphate of ammonia 

t Sulphate of potash 
j' Sulphate of potash 

I Superphosphate 


Limed 

sub-plot. 


The results are striking, and taken in conjunction with our 
earlier experience and various observations made throughout the 
growing period, appear to warrant certain very definite deductions. 

All the limed sub-plots produced crops, varpng somew^hat in 
magnitude, the smallest yields resulting from the use of calcium 
chloride or sulphate in addition. The biggest crop, strange to 
say, occurred in sub-plot 2a which had the heavy dressing of sodium 
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carbonate as well as lime. In tbe absence of the latter, this large 
dose of sodium carbonate appeared throughout the experiment to 
be less beneficial than the smaller dressing, and the result con- 
firms this. It had a marked de-flocculating effect on the surface 
soil. With lime, this result becomes reversed ; the average supe- 
riority in the latter case, of these sodium carbonate plots over many 
of the other limed plots, may be due to precipitation of the lime 
as carbonate in a very fine state of division in the soil. It is not 
desirable to lay much stress on the comparatively small variations 
between the yields of the various limed sub-plots, as there will be 
seen to be a difference of some 10% in crop between the two otherwise 
unmanured plots 4cj and 19a, and further, wet weather necessi- 
tated some of the crops standing in the field a considerable time 
before weighing, resulting in some loss by rats here and there. 

The chief interest of the experiment lies elsewhere. Thus, 
of all the unlimed sub-flots, the only ones to carry a crop to maturity 
at all were the whole of those to which basic manures had been added 
on the one hand, and on the other four plots in which superphosphate 
was the only constant manurial factor. 

On the face of it, it seems extremely improbable that the 
favourable action of hme, sodium carbonate, potassium carbonate 
and magnesium carbonate {vide Plates II and III) can be credited 
to any common attribute other than that of providing a base and 
thus diminishing the soil acidity, and probably rendering harmless 
toxic compounds which accompany it. 

From the physical point of view, Hme and the alkaline car- 
bonates affect soils in very different ways, Hme resulting in floccula- 
tion of the finest particles, while sodium and potassium carbonates 
have a de-flocculating action. De-flocculation was very marked 
on plot 2, which received the heavier dressing of sodium 
carbonate. s 

If therefore any large part of the favourable action of Hme 
were due to its flocculating powers, one would not have expected 

’ : 2 ' 
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tile alkaHiie carbonates to have the same qualitative effect on crop 
production that lime has. 

Again, Schloesing found that sulphate of lime had a flocculating 
action, and yet this substance applied at the rate of 50 maunds per 
acre to sub-plot 12 failed to produce any crop at all. 

There was no lack of soil moisture throughout the course of 
experiment, which makes it the more difficult to believe that altered 
water relationships as between soil and plant, which may follow 
the use of certain manures such as lime, can have played any but 
a very small part in the general result. 

Again, if lime functioned in any considerable measure as a 
carrier of direct plant-food to the soil, why should the alkaline 
carbonates influence crop production as they do ? 

Further, if the demands of the crop on the soil for additional 
hme as plant-food were gi’eat, one would have expected a ready 
response in crop production from the apphcation of 50 maunds 
sulphate of lime on plot 12. As a matter of fact, the seedlings 
died out on this plot quite early. 

Some of these alkalies might function by ffirtue of their power 
to liberate available plant-food from the soil’s reserves, e.g., assimil- 
able potash might result. 

Particularly might it be argued that potassium carbonate 
exerted a positive effect by supplying soluble potash. 

Both these arguments lose their force in that soluble potash 
applied as sulphate, or as muriate, to plots 17 and 18 yielded no 
crops whatsoever, though on plot 18 the same amount of this ele- 
ment of food was supplied as was given in the form of carbonate 
of potash to plot 7, which matured a small but measurable crop 
(wde Plate III (a) & (6)), 

It has been pointed out by Hilgard and others that an amount 
of phosphoric acid which, in the presence of a deficiency of lime, 
may prove insufficient for the crops’ needs in respect of tin's element 
of plant-food, may suffice when lime is present in larger quantities. 
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Undoubtedly added lime would appear to influence tlie avail- 
ability of tbe soil’s phosphoric acid content as measured by solu- 
bility in 1% citric acid solution, as is shown by the following flgures 
obtained recently from field plots variously limed. 



Percent. PoO 5 
soluble in 1 citric 

acid by the method 
of Dyer. 

Unmaniired plot 

•0048»o 

Bone meal „ . . . . 

•0055'’o 

Lime plot 30 mcls. per acre 

■oo69"i, ; 

Lime 30 mds. & bone-meal plot 

•0087% 

1 


This aspect of the action of lime is further borne out by some 
experimental crop results in the field using insoluble forms of 
phosphate with and without lime. 

Bearing in mind then the beneficial action observed throughout 
this experiment to follow the use of phosphoric acid in any form, 
it is quite conceivable that the action of- lime may in part be due 
to some increase in the availability of the existing phosphoric acid 
supplies of the soil. 

As will presently appear, it seems highly probable that the 
favourable action of phosphoric acid is not to be entirely explained 
on the ground that it acts merely as a plant-food ; by its action 
on the physiological processes of the root system generally it may 
assist indirectly in reducing the amount of toxic material in the soil. 

The arguments advanced by 0. Loew in regard to the physio- 
logical significance of establishing certain ratios of lime to magnesia, 
are clearly incapable of explaining the early observed effect of lime 
on this soil, since the alkaline carbonates produce a measurable 
result in the same direction, and, moreover, the effect on crop pro- 
duction is the same, whether the ratio of magnesia to hme is widened 
by using magnesia or narrowed by using hme, so lom as both are 
afflied in a basic form (Plate II). 
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H. B. Hutchinsott' has pointed out that caustic lime may 
bring about a measure of partial soil sterilisation, his conclusions 
being based on tests in which, in the main, heavy dressings of lime 
were used up to 6-6 tons per acre. 

If it be contended that any large part of the beneficial effect 
of lime on the Jorhat soil is due to partial sterilisation, it is neces- 
sary to assume that the other basic dressings used in our experi- 
ments also acted in the same way, and at present there does not 
seem to be any evidence that a dressing of potassium carbonate 
of 164 lbs. per acre (plot 7) would effect any appreciable amount of 
partial sterilisation. 

From the purely biological point of view, in view of all the 
evidence which is to be found in literature that acidity definitely 
retards the work of nitrifying and other soil bacteria, promoting 
rather the development of moulds, leading to a decline in fertility ; 
and though no special study has been made in connection with this 
experiment of possible changes in bacterial activity, it is impos- 
sible to resist the conclusion that the normal functioning of soil 
bacteria generally on these soils only becomes possible as a result 
of early chemical changes following the direct use of a base such 
as lime. 

Nitrification, though greatly reduced, still goes on slowly in 
acid soils, but is increased by liming, as shown by Hall.^ 

That it is so increased by liming has all along seemed evident 
in the improved colour of cropping in our various experiments. 

The increase in nitrate production, in addition to adding to 
the food-supply of the plant, would as shown by Schreiner and 
Eeed,® further assist the lime, in promoting root oxidation, which 
is followed by a reduction of toxicity due to certain organic toxic 
soil compounds."' 


^ Journal of Agricultural Science^ Vol. V, Part 3. 

^ NHrification in Acid Soils. Hall Miller Gimmingliam, Proc. Boy. Soc., Vol SO* 
" Bot Qaz., 47,355. 

^ Sclireiner and Skinner* Ibid, 50, 161. 
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That the direct addition of nitrates to the soil on plots 14, 
15 and 16 did not result in keeping the crop alive in those cases in 
the absence of lime, does not disprove this observation in regard 
to the destruction of toxins incident on improved root oxidation, 
since the showers which fell after sowing may have largely removed 
the nitrate beyond the reach of the young roots, and the seedlings 
were already dead before the second apphcation of nitrate could 
be made. 

Again, even though it had exercised its full effect, it is con- 
ceivable that added nitrate may not, in the absence of other con- 
tributing agencies, have sufficed of itself to diminish the toxicity 
sufficiently to enable the crop to survive. 

In support of this contention the increase in crop production 
due to superphosphate without lime, when re-inforced by nitrate 
of soda, may be cited, this result being reversed when sulphate of 
ammonia was used, c./., Plate III (c) with Plate IV (c) & (d). 

It is necessary at this stage to consider the r61e which phos- 
phatic manures in the absence of lime have played in the experi- 
ment. It was previously pointed out that, of the non-limed series, 
among the few plots on which the seedlings survived and which 
matured any crop at all, were four in which superphosphate formed 
the only common manurial factor. 

Phosphoric acid was applied alone in basic form to plots 8 and 
9, and as acid superphosphate alone to plot 10, this being reinforced 
by other manures on plots 20, 21, 22, 23 and 26. 

The results show that plots 8 and 9 (Plate IV (e) & (/)) receiving 
raw phosphate and basic slag respectively gave the biggest crop of 
the whole phosphate series, only approached, but not equalled, 
by superphosphate when used along with nitrate of soda and sulphate 
of potash on plot 20. 

Neither the raw phosphate nor the basic slag supphed sufficient 
lime to neutrahse any but a small part of the acidity of the first 
three inches of soil, which remained quite acid in reaction. Their 
favourable action on crop production is, therefore, no doubt jointly 
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due to their basic character and to the fact that they supply avail- 
able phosphoric acid. It is, however, quite impossible to divorce 
these two aspects in the case of these two manures, and thus a 
consideration of the superphosphate series becomes necessary. 

In the absence of lime, superphosphate alone (plot 10) matured 
a very small short crop ; this was increased by the addition of 
sulphate of potash (plot 26) or nitrate of soda (plot 22), the latter 
giving the bigger increase, while the largest crop of the series resulted 
from plot 20 which had both nitrate and potash in addition to 
superphosphate (Plates III (c) & (d), and IV (a) & (c)). 

In those cases, plots 21 and 23, in which nitrogen was supplied 
as sulphate of ammonia, the result so far as the oats ci’op was con- 
cerned, was the absolute negation of the beneficial effect of the 
superphosphate. 

It will be seen then, that the use of acid superphosphate has a 
small qualitative effect on crop production similar to that exercised 
by lime, and the other basic manures used. 

To what are we to ascribe this action ? It were unnecessary 
to point out that it cannot neutralise acidity ; at best it can but 
add a certain amount of sulphate of lime wFich, as we have seen, has 
absolutely no effect. 

It adds to the soil a certain amount of freely available phos- 
phoric acid, but it does so whether used aione or with nitrate of 
soda or with sulphate of ammonia. There is no reason to suppose 
that sulphate of ammonia could in any way affect its action as a 
source of available phosphoric acid to the plant. 

The net effect of using sulphate of ammonia in addition is, 
hovrever, detrimental by virtue of the increase in soil aciditv wdiicli 
follows its use. 

In view of the deficiency of phosphoric acid in the soil, it must 
be granted that superphosphate would function partly as a 
direct plant-food, providing the general soil conditions are'such as 
to permit the plant to survive. 



Plate 



•TOWAll SEEDLING, S. 
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But this function is probably not its only one ; by its power 
to stimulate the root system in the early stages of growth as pointed 
out by Russell' whereby among other things the extra-cellular 
root oxidation would probably be mcreased, leadmg to destruction 
of toxic material, the survival of the plant might be rendered 
possible. 

Schreiner and Reed" show that the roots of plants do exhibit 
an extra-cellular oxidising power in nutrient solutions, and that 
phosphates usually produced material increases in the oxidation in 
solutions to which they were added; further, their experiments 
show'ed that “ plant roots are able to oxidise a certain amount of 
deleterious organic material, and that the presence of salts which 
favour oxidation increase the ameliorating action of the plant.’' 

Experiments on jowar seedlings in, cultiue solutions of the toxin" 
extracted from the Jorhat soil, also showed that the addition of 
phosphate materially reduced the toxic effect on the plant. 

It may be stated here that the most marked effect of this to xin 
was on the young roots ; their growth was at once stopped, the root 
became discoloured, generally hooked round and sometimes swelled 
up at the end, leading to the death of the plant witliin a short 
period. These effects were considerably modified by the addition 
of phosphate, especially where the toxin concentration was low ; 
discolouration was nearly absent and lateral roots were formed. 
Moreover, it is interesting to note that where 5 c.c. of a complete 
nutrient solution was added to the toxm solution, the effect Hif the 
latter, though still apparent, was still further diminished, again, 
especially so where the toxin was present in least concentration. 
(Plate V.) 

This comparative behaviour of jowar in the presence of the 
soil toxin in tube cultures, using on the one hand a complete nutrient 
solution and on the other one containing; only'' phosphate, again 

^ Russell Boil G<yi^ditio% and Planl Groivthf'^ 

^ Biill, of B oik, 27. /S'. Dept, of AgH, 

8 The record of the work ou this toxin will be published sei)aratelj— A. A, M. 
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accorded weli with the growth of oats in, the field, vide plots 10 and 
20, in the absence of lime. (Plates III (c) and IV (a)). 

It is obvious that while superphosphate cannot bring about any 
efiects, by neutralisation of acidity in the way that lime can, in view 
of the evidence adduced above, its action may probably be in part 
due to a destruction of organic compounds which are specifically 
toxic, whose presence or accumulation is probably only possible 
in sour soils deficient in basic ingredients, but whose destruction 
may be brought about by such treatment of, or addition to, the soil 
as stimulates oxidation, whether by the roots or other biological 
agencies. 

Part, if not the whole, of the noxious matter of our soil is acid, 
but on many grounds it is unreasonable to suppose for a moment 
that the entire acidity of the soil or, indeed, any but a very small 
part of it, is made up of acids which are specifically toxic, in the 
way that the hydroxystearic acids are, for instance. 

No method of determining what part of the acidity may be due 
to acids specifically toxic has yet been devised, as the methods of 
isolation employed are not quantitative, so it is impossible to say 
in any given case what part of the acidity is due to specifically 
toxic acids and what is not. But, on the reasonable assumption 
that the total acidity is the sum of two factors, one specifically 
toxic and the other not, then the superior action of lime on crop 
production may be explained on the ground that, directly or in- 
directly, it leads to the destruction of both factors, thus establishing 
better soil conditions than may follow a temporary diminution in 
the amount of specifically toxic material alone, which may’' be 
brought about by superphosphate, but which is sufiicient to permit 
of some gro'wth even in the presence of the remaining acidity. 

That the sum total of soil acidity is commonly not due to 
specifically toxic acids is further borne out by a statement byr 
Storer’^ to the effect that fairly good crops of oats, amongst 

^ AgHculture, VoL 11, 
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other crops, are grown on many German, moors which exhibit a 
strong acid reaction, both as regards surface and sub-soils. 

However, the presence, in excess of a certain amount of acids 
which are not specifically toxic in themselves, may prevent crop 
production as is proved by a comparison of plots 10 and 23 (Plates 
(c) and IV (d)). The addition of sulphate of ammonia on the 
latter plot, to the superphosphate used in both, though supplying 
nitrogen, increases the general acidity by leaving a residue of sul- 
phuric acid, which may inhibit to some extent the increased root 
oxidation which would follow' on the use of superphosphate alone, 
since Schreiner and Reed observed that the activity of the peroxi- 
dase produced by roots is somewdiat inhibited by the presence of 
acid, being greatest in neutral or slightly alkaline solutions ; and 
again, of course, normal bacterial acidity is reduced with increase 
in soil acidity. 

That the beneficial action of the superphosphate was entirely 
inhibited, however, by addition of sulphate of ammonia seems to be 
unlikely in view of some observations made on the girowth of weeds 
on these plots in general. 

More or less weed growth (chiefly grass) was apparent on all 
the non-limed plots, with the exception of plot 11, which had sulphate 
of ammonia alone ; this plot was absolutely bare even of 
weeds. 

Plots 21 and 23 (superphosphate and sulphate of ammonia) 
were covered with a luxuriant grow1;h of weeds, but no oats. 
(Plate I (6)). 

It will be seen then that sulphate of ammonia used alone had 
such an effect in general as to render the soil incapable even of 
weed production in the cold weather. The power, however, to grow 
weeds was restored and the weeds grew' more luxuriantly than 
ever, when superphosphate was used in addition. 

Though this increased vigour of weed growth may be due to 
the phosphoric acid acting as direct plant-food, the restoration 
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of the power to produce weeds at all can, it would seem, have no 
connection with direct food action, as the ability to grow weeds 
is equally ensured by withholding the ammonia sulphate in the 
first instance, in the absence of any direct addition of phosphoric 
acid. 

The restoration of this capacity to produce weeds effected by 
superphosphate after the use of sulphate of ammonia, may then 
be due to its power to bring about some diminution in toxic content, 
which, though not sufficient to yield any oats, is quite enough for 
the purposes of weed groivth. 

It is not unreasonable to suppose that inijiroved processes of 
oxidation, whether by the roots themselves or following on increased 
bacterial activity, will result in the partial or complete destruction 
of toxic compounds. 

Some' of these compounds, affeady isolated and identified by 
Schreiner and his associates, have proved to be easily oxidisable 
compounds, which a study of their chemical constitution would 
premise. 

Further, the toxin solutions used in the author’s experiments 
with jowar seedlings, after mere exposure in a flask to light and 
air for several weeks, were very largely deprived of their toxicity 
thereby. 

A consideration of the following facts 

(1) that the mere use of lime renders crop production pos- 

sible, being especially effective when used in sufficient 
quantity to render the surface soil neutral or faintly 
alkaline ; 

(2) that superphosphate has a similar qualitative effect, 

apparently much smaller than that of lime, but 
becoming greater when reinforced by nitrate of soda ; 

(3) that toxic organic compomids capable of being destroyed 

by oxidation are present in the soil ; 
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(4) tliat lime, nitrates, phosphates are all able to promote 
biological oxidation, whether by the plant roots them- 
selves or by other biological agencies, 

would lead to the conclusion that the ability of this soil to produce 
certain crops is dependent on the diminution of toxic agencies 
present ; that the more complete the destruction the bigger the. 
crops will be, but that the best results only follow on an en- 
tire elimination of acidity, whether due to specifically toxic 
compounds or not ; the latter observation Avould explain the very 
much more marked action of lime, as opposed to that exercised by 
superphosphate, which is clearly proved by the fact that though 
the use of sulphate of ammonia is able to completely negative the 
effect of superphosphate so far as the production of oats is con- 
cerned, its addition with previous liming is followed by no such 
consequence, though, even in this case, one would hesitate to say 
that its use has proved beneficial, c./., sub-plots 4a and 19a with 
11a 18a with 25a ; 26a with 21a : also 10a with 23a. Only in the 
last case, i.e., where sulphate of ammonia is added to superphos- 
phate, in the presence of lime, is an increase registered from its 
use. On the contrary, it is interesting to note here that similar 
comparisons amongst the nitrate of soda-limed plots come out 
in favour of the nitrate in every case but one. 

It would appear that toxic compounds have not been found 
to be definitely associated with any soils but such as are sour, 
often badly aerated, and deficient in calcium carbonate. It does 
not follow therefrom that all sour soils harbour specific toxins. 

While any degree of acidity is more or less harmful on biological 
grounds to many cultivated plants, the case becomes greatly ag- 
gravated when such acidity is partly due, as in the Jorhat soil, to 
specifically toxic organic compounds. These compounds owe 
their continued presence in dangerous amounts in the soil to the 
impairment of oxidation processes which follow on the establish- 
ment of acid conditions in soils deficient in basic ingredients. A 
reduction in the amount of the toxic compounds merely, such as 
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may follow the use of superphosphate and other fertihzers, can only 
be a temporary measure and does not cut at the root of the evil. 
The general conditions which originally gave rise to toxin formation 
still remain. Something more is necessary, and these experiments 
show, I think, that for the best results, the addition of a basic sub- 
stance such as lime is clearly necessary, while other experiments 
being made point to the fact that sufficient base must be used to 
completely neutralise the soil, at any rate to cultivation depth, 
and periodical additions will be necessary to prevent a relapse 
into sourness. Infertility in a soil is not, in many cases, a mere 
negative property, but is often due to the presence of an overwhelm- 
ing positively injurious factor. Alter or remove this factor, 
and all the elements of fertility will frequently be found to be 
present. Greig Smith* records the case of a soil which was very 
toxic, becoming normal after heavy rains due to washing down of 
the toxin into the lower layers. 

The work on partial soil sterilisation at Rothamsted, also that 
of Schreiner and his associates on soil organic matter, show that 
it is undoubtedly true that the soil, both in regard to its hosts of 
living organisms as well as the chemical compounds present, may 
harbour mutually opposing factors, and that soil fertility varies 
as the balance between them changes oris dehberately altered. 

This balance may be varied by cultiv^ation, manuring, the use 
of lime, cropping and the rotation of crops, as well as by partial 
sterihsation by heat or antiseptics. 

The harmful factor is certainly in the ascendancy in the Jorhat 
soil, and lime clearly seems to be the most effectives agent in bring- 
ing about a change for the better. 

Schreiner and Lathrop' referring to toxic soils of low oxidis- 
ing power observe that “ liming, drainage, and the application of 
good organic manures are the most potent factors in promoting 
oxidation in soils. Liming has been found to be very beneficial, 

^ Gentf. BahUf June 22, 1912. 

“ BiiU. 80. Bur, of Boils ^ U, 8, Deft, of Agriculture, 
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aiding the destruction of harmful bodies of this nature, both by 
combining with them and also by oxidising them to other less harm- 
ful or even beneficial compounds. Drainage also aids materially 
in two Ways ; first, it allows a freer access of air with deeper pene- 
tration of healthy roots, which in time promotes oxidation and 
thus aids the destruction of organic matter ; secondly, it produces 
beneficial results by an actual removal of the harmful material in 
the drainage waters, as w-ell as perhaps eliminating the cause of 
its formation. The addition of good organic manures will also 
assist in the destruction of the compounds already in the soil. The 
introduction of easily decomposed organic matter causes greater 
bacterial activity and greater oxidation in the soil, so that through 
the inauguration of the processes of its own decomposition, it has 
the efiect of causing the changes in the organic matter in the soil to 
proceed in a different direction from that which formerly existed. 
The fertilizer salts are shown by experiments to act in a very similar 
manner, inducing or quickening changes which take place without 
them only very slowly or not at all.” Our general experience at 
Jorhat bears the above out very strongly, and our experiments show 
that either as regards intensity or permanence of effect, . lime 
is clearly unapproached by any ordinary combination of manures. 

Its functions are such as are obviously shared by other 
basic substances, and whatever other changes may follow later, 
there can be no doubt that its effect depends primarily upon its 
power to neutralise acidity and to destroy toxic material. At the 
same time, the use of caustic lime may lead to a diminution of 
protozoal content and activity ; in the result, oxidation processes 
are improved, a great impetus is given to the activities of soil bacteria, 
the improved bio-chemical factor leads to the production of com- 
pounds beneficial to plant life, and fertiHty results. 

Since the foregoing was written, the 2nd year’s crop of oats 
has been sown and is now in ear; the results confirm very closely 
those of the first year, and at present suggest no modification 
whatever of the conclusions which have been drawn therefrom, 
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One point worthy of special mention is that one of the unhmed. 
and othenvise untreated plots was watered daily from the time of 
germination. This had not the slightest effect on the survival 
of the crop, which died out as usual in the seedling stage. 

This disposes finally of any contention that the crop fails 
to survive for want of moisture, and also that the action of lime 
is in any way connected with any effect it might have on the supply 
of water to the plant by the soil. 

Other points which might also be briefly mentioned are as 
follows : — 

1. Plot 1 (ground limestone) is a great improvement on 

last year. 

2. Plots 2, 3 (sodium carbonate) are again cropping, vdth 

No, 2 better than No. 3 in the second year. 

3. Plots 6 and. 7 (potassium . carbonate) are almost bare; 

the effect of small initial dressings of soluble alkali 
carbonates is evidently very transitory. 

4. Plot 5 (magnesia carbonate) is equal to last year. 

5. A new plot, to which an excessive quantity of super- 

phosphate was applied (160 lbs. sol. Po O5 per acre), 
points to the conclusion that the use of excessive 
amounts of acid superphosphate, in the absence of 
lime, is detrimental, presumably by virtue of the 
extra acidity added to the soil. 









EXPLANATION OF PLATES. 

Frontispiece. 

Jorliat Farm. Block G. 

The plots on the left were limed, those on the right imlimed ; 
treatment is otherwise identical. Oats and gram were sown 
across both areas. Observe the standing crops of both on the limed 
side, and the absolute failure on the other. 


Plate I. 

(а) General view of plots described in this paper. Compare 

the crop on the limed ends of the plots (right side of ! 

picture), with that on the unlimed ends (left side). 

(б) Showing the action of phosphate on weed production. 

The plots in the foreground to the left received super- ; 

phosphate; that on the right was unmanured. 


Plate II. 

(a) Plots 1 and la. Common manuring = ground limestone. 
(&) Plots 19 and 19a. Common manuring = mh 

(c) Plots 3 and 3a. Common manuring = sodium carbonate, 

light dressing, 

(d) Plots 6 and 5a. Common manuring = magnesium car- 

bonate. 


Plate III. 

(a) Plots 7 and 7a. Common manuring = potassium carbonate, 
light dressing. 
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(&) Plots 18 and 18a. Common manuring = sulphate of potash, 
supplying the same quantity of potash as applied in 
basic form to plots 7 and 7a. 

(c) Plots 10 and 10a. Common manuring — superphosphate. 

(d) Plots 26 and 26a. Common manuring = superphosphate, 

sulphate of potash. 

Plate IV. 

(a) Plots 20 and 20a. Common manuring = superphosphate, 
nitrate of soda, sulphate of potash. 

(i) Plots 21 and 21a. Common manuring == superphosphate, 
sulphate of ammonia, sulphate of potash. 

(o) Plots 22 and 22a. Common manuring = superphosphate, 
nitrate of soda. 

(d) Plots 23 and 23a. Common manuring = superphosphate, 

sulphate of ammonia. 

(e) Plots 8 and 8a. Common manuring = raw mineral phos- 

phate. 

(/) Plots 9 and 9a. Common manuring = basic slag. 

Plate V. 

(a) Jowar seedlings 
Tube 1 = water. 

„ 2 = Toxin solution (125 pts. per million) + lime-water 

to neutrality. 

„ 3 = Toxin solution (125 pts. per milhon). 

Root development in tube 2, though not so good as that in 
water, was much greater than that in tube 3, to which no lime-water 
was added. 

In many other similar cultures, the effect of lime in promoting 
root development in the presence of the toxin was always well 
marked. 
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(b) Jowar seedlings. 

Tube 1 = water. 

,, 2 = Toxin solution, concentration 80 parts per inillion. 

The very, marked repressive action of the toxin in tube 2 on 
root development was produced within 48 hours. 

A solution of only 40 parts per million was equally effective. 

(c) Jowar seedlings. 

Tube 16 = 5 c.c. nutrieirt solution + water. 

„ 17 J5 c.c. nutrient solution + toxin solution, con- 

l centration 100 per million. 

f 6 c.c. nutrient solution + toxin solution, concentra- 
tion 240 per million. 

'KNOg 0*5 grm. 

MgS 04 O' 6 grm. 

CaSOi 0'5 grm. 

NaoHPO^ 0'5 grm. 

FesCls 2 drops. 


19 

18 
20 ' 


Nutrient solution^ 


appendix. 


A. Chemical Analysis of the Jorhat surface and sub-soils. 



/'Pliosphoric acid 

(P,0,) .. 

Surface soil. 

0.' 

/o 

0*025 

Sub-soil. 

0./ 

/o 

0-020 

Soluble ill 26 % Hydrocliloric acid 

Potash 

(K,0) .. 

0-115 

0-135 

with 12 Ill's, digestion at 100 C 

Lime 

(CaO) . . 

0-154 

0-144 


^Magnesia 

(MgO) .. 

0-166 

0-148 

Soluble in 1% Citric acid with 7 days j 

' Phosphoric acid 


0-008 

0*008 

digestion. j 

[ Potash 


0-007 

0-011 

Loss on ignition == organic matter -[- combined water 

3-26 

1*84 

Nitrogen 



0*114 

0*051 

Carbonic acid (00.,) 


.. 

0-009 

0-007 

= Calcium Carbonate 


.. 

0*02 

0*015 

Reaction 

.. 


Acid 

Acid 


B. Mechanical Analysis (ignited fractions). 




Surface soil. 

Sub-soil. 



% 

% 

Pine Gravel 

(3 — 1 m.m. diam) 

. Nil 

m. 

Coarse Sand 

(1 0-2 in.m. diam) .. 

' ■ 7*2 ■ 


Pine „ 

(0-2 — 0*04 m.m. diam.). . 

52*5 

. 52*8 

Coarse Silt 

{0-04-— 0*01 m.m. diam.). 

22-6 

17-6 

Pine „ 

(0*01— 0*002 m.m. diam.) 

5*0 

9-4 

Clay 

(< 0*002 m.m. diam.) .. 

6*6 , ■ ' 1 

9-9 

Moisture -j- Loss on Ignition . . . . 

5*1,. 

. ■ 3*1 



99*0 

' 99-1 
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(7. Moisture Constants, 


Maximum water- 

SATURATION 

CAPACITY, 


MiNIMUxM water. 
SATURATION 
CAPACITY. 


Surface soil 


Expressed as parts quicklime (CaO) required to neutra 
one million parts of air-dry soil, tke acidity of the surface i 
sub-soils on the Jorhat Earm varies between the following limits 
Surface soil 880—1350 parts CaO per million. 

Sub-soil 650 — 770 parts CaO ner million. 


JOBHAT, 
September, 1913 


